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On several occasions, some of which are men- 
tioned herein, Dr Osier counseled his students and 
his readers to review and to weigh periodically the ac- 
cumulated knowledge of disease, to find the way of 
future advances One hundred years after his birth, 
this issue of the Bulletm of the Johns Hopkins Hos- 
pital, m the founding of which he took a special mter- 
est, contams summanes of the progress and the present 
status of four diseases to which Dr Osier made partic- 
ular and important contributions 

The Editors 



INFECTIOUS (SO-CALLED ULCERATIVE) 
ENDOCARDITIS 

By william OSI ER, M D , M R C I’ . Lond , 

PROFESSOR OF THE INSTITUTES OF MFDICINE, MCOlU. UMVFRSJTY , PHYSICIAN 
AND PATHOLOGIST TO THE GENERAL HOSPITAL, «ONTRF-AL 

U NDER the terms diphtheritiCy ulcerative, malig- 
nant, septic, or infutious endocarditis, aitcrial py- 
(Binia, mycosis cndocardii, physicians now recognize one of 
the most formidable of cardiac affections, characterized 
by a peculiar morbid process on the valves, blood con- 
taminations, constitutional symptoms of the typhoid or 
pyaemic types, and usually associated with multiple em- 
boli 

It is only within the past few years that the sub- 
ject has received due attention in the text-books , indeed, 
in some it is barely touched upon, and even in recent 
manuals on heart disease the account is not very satisfac- 
toiy 

From the number of reported cases in French and 
German journals, and from the interest which the disease 
has excited in these countries, we might suppose it to 
be more common there than in England or America A 
considerable number of reports, however, occur m the 
“Transactions of the Pathological Society of London" 
and in the British journals In Ihe leading American 
periodicals there are very few refeiences, but cases have 

44 

Arch of Medicme, 5, 44, 1881 
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It was in 1875 that Dr Drake retired from the Professorship of 
“The Institutes of Medicine” at McGill University Osier had hoped 
to obtain the position of demonstrator m this department, but he was 
now given the position of lecturer, though he was only 25 years of age, 
and at the completion of the semester was appointed Professor of 
“The Institutes of Medicme” to succeed Dr Drake He was thus 
made responsible for the rather dreary task of lectunng on Physiology 
and Histology 

At this time, however, there was an epidemic of small pox in Mon- 
treal and Osier spent much time m the wards of the small pox hospital 
His interest in pathology led to his appointment the followmg year, 
in 1876, to the status of Pathologist to Montreal General Hospital, and 
two years later at the age of 28 to the important post of Physiaan to 
the Montreal General Hospital As pathologist, durmg this period, 
he made many brief reports including those on Aneurysm, endocarditis 
and diseases of the heart It was, therefore, early m his career that 
his intense and life-long interest arose in these subjects 

It was not until 1881, however, that his first contributions to the 
problem of infectious endocarditis appeared, one in the Archives of 
Medicine, and a second in the Transactions of the International Med- 
ical Congress m London 

In order to trace the observations that cuhmnated eventually m the 
recognition of a particular form of endocarditis which is now usually 
designated as Subacute Bactenal Endocarditis, it is necessary to quote 
“in extenso” from one after another of his articles In domg so it wnU 
be desirable to call attention to the particular observations that bear 
upon the development of a knowledge of this disease It must be 
remembered that when these early articles appeared, bactenologj' was 
in its infanc} and Koch’s discoveries, with his monumental work on 
tlie tubercle bacillus, had not been pubhshed 

-Vbstracts from Osier’s paper on infectious endocarditis follow 

1 
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INFECTIOUS (SO-CALLED ULCERATIVE) ENDOCARDITIS (1) 

By William Osler, M D , M R C P , Lond 

Professor of the Institutes of Medicine, McGill University, Physician and Pathologisl 
to the General Hospital, Montreal 

(Arch Med 1881, 5 44) 

“Under the terms diphtheritic, ulcerative, malignant, septic, or infectious endo- 
carditis, arterial pyaemia, mycosis endocardii, physicians now recognize one of the 
most formidable of cardiac affections, characterized by a peculiar morbid process 
on the valves, blood contaminations, constitutional symptoms of the typhoid or 
pyaemic types, and usually associated with multiple emboli 

It IS only within the past few years that the subject has received due attention 
in the text-books, indeed, m some it is barely touched upon, and even in recent 
manuals on heart disease the account is not very satisfactory 

From the number of reported cases in French and German journals, and from 
the interest which the disease has exated in these countries, we might suppose it 
to be more common there than in England or America A considerable number of 
reports, however, occur in the “Transactions of the Pathological Society of London” 
and in the British journals In the leading American periodicals there are verv 
few references, but cases have been reported by Elhs,* * * § Lomax, f Pepper, J Keating, § 
and Peabody 

With regard to the nomenclature, I think the terms infectious and septic, as 
given by Jaccoud,l| better than the others Against the name ulcerative is the 
fact that there may be no actual ulceration on the valves, and there may be, on 
the other hand, endocardial losses of substance without the special constitutional 
disturbances by which the disease is characterized The term diphtheritic is good, 
in so far as it expresses a resemblance m the histological features of the valvular 
disease to that of true diphtheritic exudation, but this is scarcely sufficient ground 
for its use, and it is, m a way, misleading, indicatmg a relation between diphtheria 
and the disease, which is not known to exist The name mycosis endocardii cer 
tainly expresses a striking feature of the local process, but with our present im- 
perfect knowledge of the relation of the micrococci colonies to the disease, such a 
designation is, to say the least, premature On the other hand, the term infectious 
presupposes no special view as to the nature of the local process, and at the same 
time indicates, as Jaccoud says, a constant and exclusive character of the disease 


* Boston Med and Surg Journal, Nov 15, 1877 

t Philadelphia Medical and Surgical Reporter, 1874 

t American Journal of Medical Sciences, 1871 

§ “Transactions of the College of Physicians of Philadelphia,” 1879 
1[ New York Med Record, 1880 

II Pathologie Interne, tome i, and Nouveau Dictionnaire, tome lu 
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It would appear that, dinicall\ , three classes of cases are included m the disease 
knoA n as ulceratia e endocarditis, and I think it important that a distinction should 
be made between them We ha\e 

1 Those cases in w hich the disease appears w ithout ana ob\ lous cause, either 
spontaneouslj or in connection with rheumatism or some other affection The 
term mfccltoits might be apphed to this class It is the arlcnal pyaemia of \\ ilks, 
the priraarv ulceratia e endocarditis of some authors 

2 Those in which the endocardial disease is secondan to some inflammatorj 
focus— acute necrosis, puerperal endometritis, etc To these the term septic might 
be applied 

3 In certain cases of chronic valaailar disease an acute endocardial process mav 
be engrafted (recurrent endocarditis), presenting anatomical features similar to 
the infectious form, but not characterized b\ the same clinical picture, the patients 
d\ing with the samiptoms of chronic heart disease 

The followang paper embodies mv experience of this disease The chief points 
to which I wish to call attention, and which are illustrated b\ the cases, are 

1 That the majoritv of cases of infectious endocarditis occur independentli of 
rheumatism 

2 To the frequenci with which infectious endocarditis is assoaated wath pneu- 
monia 

3 The production of acute multiple aneurisms of the aorta in the disease 

4 To certain histological features m the endocardial a egetations, and particu- 
larh to a remarkable fungoid grow th met with in one of the cases ” 

After the introduction there follow histones and autopsy notes on 
seten cases of “Infectious Endocarditis ” Cases 1, 2, 3, 4 and 6 are 
clearly instances of pneumonia complicated by an acute and rapidlj 
fatal endocarditis 

The fifth case is also considered to be one of pneumonia, but the au- 
tops}' disclosed certain interesting features The a egetations in- 
vohed, not onl}’' the aortic \ahes but the ■Rail of the left \entncle 
below them In addition to this the note is made that the aortic 
\ al\ es w ere bicuspid Though Osier interpreted the pulmonar>' lesions 
as those of a resohmg pneumonia, the general clinical and pathological 
picture -with the plaque of \ egetations plastered upon the wall of the 
aentncle below the aortic valves, as well as the multiple aneurisms 
of the ascending aorta w hich contained vegetations are all suggestn e 
of an extensn e subacute bactenal endocarditis There might be some 
question, from the descnption gi\en of the aortic \al\es whether this 
condition was of congenital ongin, but the observation is noteworthv 
m anew of the prominence giaen mana \ears later to the occurrence 
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of bactenal endocarditis upon bicuspid aortic valves For these rea- 
sons two paragraphs from the discussion of this case are quoted 

“The presence of multiple aneurisms of the aorta in Case 5 is deserving of com- 
ment, as I have not been able to find any similar observation in the hterature of 
either ulcerative endocarditis or of aneurism 

The man had evidently been the subject of that peculiar congenital malforma- 
tion of the aortic semilunar valves which results m the fusion of two segments 
In this condition they are veiy liable to be the seat of a sclerotic endocarditis which 
terminates in incompetency, and I have met with two other cases in which the 
united curtains, when in this state, were the seat of extensive ulcerative endo- 
carditis * The cardiac affection was evidently of old standmg, and in February, 
1879, a year and four months before his death, hypertrophy, a double murmur and 
a thrill were noted ” 

Case 7 might well be considered as a possible instance of subacute 
or chronic bactenal endocarditis and is therefore quoted below m full 

“Case 7 — Sclerotic endocarditis of aortic valves, with incompetency, recent vegeta- 
tions {ulcerative endocarditis) 

Annie M L , aged 40, admitted Nov 23d under Dr Ross 

No history of acute rheumatism For five or six years has suffered with short- 
ness of breath on exertion For the past year health has been failmg, and she has 
had a troublesome cough For three months has been confined to bed, dropsy has 
gradually come on, and for three weeks past spitting of blood Her condition on 
admission was that of a patient in the advanced stage of obstructive heart disease, 
— great dropsy of legs, right hydrothorax, dyspnoea, lividity, cough, and bloody 
expectoration A double aortic murmur was determined She only lived for a 
little over two days after entering the hospital The temperature was normal 

At autopsy heart was large, chambers full of dark clots Mitral valves healthy 
Left ventricle dilated and hypertropied The aortic orifice was blocked with 
vegetations, and when sbt open the valves were found much diseased, all the cur- 
tams were thickened, curled at the edges and foreshortened On the ventricular 
faces were large grayish-yellow vegetations, closely adherent, but friable and rough- 
ened on the surface In one mass the deposition of salts of lime had taken place 
on the outer part Large patches of apoplexy in the lungs No infarcts in spleen 
or kidneys, which were large and indurated 

This is an illustration of the third dass, and perhaps such instances furnish the 
large proportion of the cases which go under the heading of ulcerative endocarditis ” 

The remamder of this article is devoted to a detailed description of 
the gross and microscopic appearance of the vegetations, together with 

* Virchow's Archtv Ixii, 1875 
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a brief discussion as to the significance of the “micrococcus balls ’ 
i\hich he secs and pictures in what appear to us todaj to be quite crude 
drawings They are desenbed as follows 

“In the larger outgrowths the chief mass is composed of a nucleated fibrillar 
tissue, while m the superficial parts there are fibnnous lamination and numerous 
micrococci colonics Capillar\ blood-\cssels penetrate the deeper parts of the 
large masses, and along manj there is a deposition of brow n-red pigment In some 
sections large micrococcus balls were met wnth 4 or 5 mm from the surlacc 

The most remarkable structures m this specimen are the rounded bodies repre- 
sented m Tigs 1 to 6, and whicli ha\e been spoken of abo\e as micrococcus balls 
Tliev var3 ^er> greatly m size, the majonty of those in the specimen from which 
Fig 1 was taken measured from 0 15 to 0 375 mm Man% are not more than 0075 
mm , while at Fig 6 one IS shown whicIi measured 1500 b> 1125 mm In places 
they occur m hundreds, closeh set together, and often \er\ small, as at Fig 4 
The outlines arc sharply defined, but it is not certain w hether they possess a definite 
membranous in\cstment They contain minute refractile granular spherules, 
w hich bcha\ c w vth reagents like micrococci In some of the larger balls, as show n 
in Fig 6, secondary ones can be seen 

I am not prepared at present to discuss the nature and affinities of these struc- 
tures, but hope to do so on another occasion, when I shall enter more fully into the 
histology of the pnmary and secondary lesions of this disease ” 

He then proceeds to discuss the etiology of “Infectious Endocarditis” 
and points out first, the fact that primary infectious endocarditis m 
the majonty of cases does not occur m connection with acute rheuma- 
tism, as was almost universally stated to be the case, secondly, the 
frequency' with w hich this disease occurs with pneumonia , and thirdly, 
a point of clinical interest, namely', the occurrence of meningitis in 
three of his seven cases which he has analy'zed 

The paper concludes with an account of the contemporary Mew as 
to the importance of micrococci as exciting agents together with his 
own opmion of their significance In relation to our present know ledge 
of tlie subject it is interesting to quote the final paragraphs in full 

‘TYith regard to the mtimate pathology of this disease, it is assumed by most 
recent wnters to be a m^ cosis, i e , to be dependent upon the growth and propaga- 
tion of lowh fungi on the \-al\es with a consequent blood contamination Cer- 
tamh the minute bodies found m the endocardial \egeLations correspond in their 
chemical and microscopical relations to micrococa They are motionless, highly 
refractile spherules, less than a micro-raillimetrc in diameter, arranged in groups or 
colonics without an% perceptible stroma Aads, alLilies, cthe' and chloroform 
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have no effect upon them These characters are supposed to afford satisfactory 
means for distmguishmg them from granular detritus of an albummous or fatty 
nature Most writers have accepted the view that these bodies are fungoid in 
nature Heller,* * * § however, criticizes strongly the prevailing conceptions with 
regard to micrococci, and thinks that there are scarcely any micro-chemical agents 
or physical signs by which they can be distinguished from fatty detritus He 
recommends soaking the tissue in 10 per-cent potash solution and then in iodine 
solution, 1 m 10 of spirit, which tints monads yellowish-brown, but is inert on fat 
granules Sections of the vegetations m these cases, treated in this way, show the 
colonies stained of a brownish-yellow color 

Apart from any micro chemical tests there are pecuharities about these masses 
which we do not see in any form of fatty degeneration, as the uniformity in size of 
the granules and their collection into large groups 

The question of the relation of the micrococci to the disease presents many 
difficulties, and we are probably not yet m a position to give a final answer to the 
problem Klebs, and most German writers on the subject, give an unhesitating 
assent to the parasitic theory and suppose the micrococa to gam access either through 
the gastro-mtestinal or respiratory systems, and they believe them to constitute the 
actual matenes morbi According to Kosterf and Klebsf not only are these fungi 
present m the so-called ulcerative form, but they also exist in, and cause the devel- 
opment of, the ordmary warty or bead-like vegetations so frequently met with in 
the valves Withm the past few months I have examined four specimens of this 
variety of endocardial vegetation, and have been able to determine in each instance 
the presence of micrococci, not, it is true, m the same luxuriance, or arranged in 
definite colonies, but still sufficiently distinctive In one case of mitral stenosis a 
fresh vegetation, when teased, showed many closely-packed spherules, some of 
which were, as Klebs has remarked with reference to the micrococci m this variety, 
larger than those met with in the ulcerative form I was greatly struck with the 
resemblance which certam of these bodies, in this instance, bore to the individual 
elements of Schultze’s granule-masses — those pecuhar granular clumps common in 
blood of some animals and of impoverished persons These structures are usually 
regarded as the debris of colorless blood corpuscles, but I have shown § that they 
are aggregations of discoid bodies, probably living organisms of the nature of which 
we are still ignorant They do not exist in the form of masses in the blood, but as 
isolated particles which might readily become adherent to the fresh endocardial 
ou tgrowths I merely mention this as a pomt worthy of future investigation 
It matters little how the micrococci get to the valves, whether by embohsm of 
the small vessels, as Koster supposes, or by deposition on the surface, as Klebs 
thinks, the question is Are they respo nsible by their growth for the pecuhar course 

* Virchow’s Archiv bm, 1875 

t Virchow's Archiv , Bd Ixxii 

t Archiv fur Exper Pathol ii Pharmacol , Bd , ix 

§ Proceedings of the Royal Society, 1873 
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and mabgnanc> of cases of infectious endocarditis, pninarj or secondarj ’ The 
facts of their occurrence m the \errucose form, which maj not be accompanied b> 
an\ s>'mptoms, and of their abundance in the recurrent endocarditis, which attacks 
old sclerotic \al\es, are, I think, opposed to this \new, for if the\ act as a septic 
poison m the one case, w h-v should the^ not do so in the other’ The micrococa do 
not appear to infest the blood m an\ numbers, so that the\ must be supposed to 
distil some subtle poison, “such soon-speeding gear as will disperse itself through 
all the \eins” and profoundly disturb nutntion The occurrence, however, of 
fatal septic cases, closeI> aUied to, or identical with those in which a bactenc endo- 
carditis IS found, but m which no micrococa can be detected, either in the local 
process or m the blood, teaches us that the same poison ma\ exist without the mter- 
V ention of bacteria, the presence of w hich m an\ case ma\ be onlj a partial phenom- 
enon m a general mfectiv e process ” 

The second paper pubhshed in ISSl appears to be a condensed \ er- 
sion of the large article which has just been reviewed, and it is onlj 
desirable to quote a few paragraphs The first outlines the scope of 
the communication 

The second paragraph seems to forecast a group of cases, namely (3) , 
the nature of which becomes clearer as Osier’s studies proceed 

OX SOME POINTS IN THE ETIOLOGY AND PATHOLOGY 
OF ULCERATRT: endocarditis (2) 

Dr Wn-ixui Osler, Montrzae 
(Trans Intemat Med Cong , London, ISSl, / pp 341-346) 

“Ulcerative, infectious, or diphthenUc endocarditis is an affection of unusual 
interest to the profession, both on account of the serious nature of the maladv 
which It exates and of the illustration which it offers of man\ points in the pathol- 
og} of infective processes 

Ulceration, loss of substance, on the endocardium occurs under a vanetv of 
conditions Clmicallv w e should, I think, recognise three classes of cases First , 
those in which the disease appears without anv obvious cause, either spontaneouslv 
or m connection with rheumatism or some other affection, as pneumonia, chorea, 
&.C These cases present a remarkable set of svmptoms, v erv v anable in character, 
but of which two chief tv-pes hav e been recognised — the tvphoid and the pvaemic. 
This IS the prehmmar> form of some wnters Second, those cases which anse 
dunng the existence of some local mflammatorv process, as puerperal endometritis, 
acute neaosis of bone, &c , and m which the endocarditis is usuallv regarded as 
part of a pv aemic state and secondarj to the local disease And, tJ trd, the cases 
of ulcerative affection engrafted upon vmlves the subject of chrome sclerotic 
changes In this latter vanetj no special svTnptoms necessanlv accompanv the 
process, the patients are usual! j m the last stage of chronic valvular disease 
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I propose to consider briefly in the following paper some of the conditions under 
which the disease arises, some pomts m the morbid anatomy, and, lastly, make a 
ew remarks on the supposed relation of micrococci to the disease ” 

Dunng the next few years, according to Cushing (3), Osier was work- 
ing on the subject of endocarditis, collecting cases, doing autopsies, and 
gathering a large amount of matenal together In 1883 he was made 
fellow of the Royal College of Physicians, and after a s umm er m Europe 
m 1884, he accepted an offer from the University of Pennsylvama to 
become Professor of Chnical Medicine, a post made vacant by the 
promotion of Dr Wilham Pepper to the semor Professorship of Med- 
icine 

He was invited, about this time, to give the Gulstoman Lectures 
before the Royal College of Physicians, and he chose as his subject 
“Mahgnant Endocarditis ” These three lectures delivered on Feb 
26th, March 3rd, and March 5th, 1885, have survived since their pub- 
hcation as a classical descnption of the disease 

The first lecture opened with a short general account of the knowl- 
edge of this condition as it then existed, and a statement that these 
lectures were based upon a review of over 200 cases that he had col- 
lected from the hterature, supported by his own observations upon a 
large senes of cases that he had studied in the wards of the Montreal 
General Hospital or at autopsy The mtroduction to these lectures 
was as follows 

THE GULSTONIAN LECTURES, 

ON 

MALIGNANT ENDOCARDITIS (4) 

Delivered at the Royal College of Physiaans of London, March, 1885 
Bv William Osler, M D 

Professor of Climcal Medtctne al the Untverstly of Pennsylvama, Plnladelpha 
(firiltsh Med J 1885, 1 467, 522, 577) 

LECTURE I 

“Mr President and Gentlemen,— It is of use, from tune to tune, to take 
stock, so to speak, of our knowledge of a particular disease, to see exactly where 
we stand m regard to it, to inquire to what conclusions the accumulated facts seem 
to point, and to ascertain m what duection we may look for fruitful mvestigations 



SIR WTXLIAil OSLER AND BACTERIAL ENDOCARDITIS 


9 


m the future With } our permission, sir, I propose to do this m the case of that 
most mterestmg disease generallj known as ulcerativ e endocarditis, a disease the 
phenomena of which were first clearly explamed by the late Dr Kirkes, from whose 
m\ estigations m 1851-52 «e date our accurate knowledge of the affection Some 
of those who listen to me today can doubtless recall, and recall wnth pleasure, the 
Gulstoman Lectures of 1851, m which Dr Ormerod dealt so fuUj and so ablj wnth 
valvular affections of the heart, but a reference to them will show how much the 
past twenty-five years have done to widen our view of cardiac disease, more partic- 
ularly m regard to the effects of emboh, and the assoaation of vahnilar inflamma- 
tion with grave constituional disorder, and the probable connection of the disease 
with the presence of micro-organisms By the labours of Drs Ogle, Wilks, Simp- 
son, Moxon, Bnstowe, and others in this country', of Charcot, Vulpian, and Lan- 
cereaus m France, and of Virchow and a host of observ ers in Germany , a large 
amount of matenal has been accumulated, and we may assume that the etiological, 
chmcal, and anatomical characters of the disease have been fairly well ascertained, 
and that we have got about as far towards a full knowledge of the affection as the 
ordmaiy means at our disposal will permit The mquiry now enters upon another 
stage, and it remams for expenmental mvestigation to determme, if possible, the 
relation of the endocarditis to those diseases with which it is most frequently asso- 
aated This being the case, the present time has seemed to me a favourable 
opportumty to summarise our knowledge to date, and, for this purpose, I have 
reviewed the records of over two hundred cases, which, from the descnption of the 
symptoms and lesions, were ev’idently of the tvpe of mahgnant endocarditis, and 
these, with the considerable expenence I have had at the General Hospital at 
Montreal, may perhaps enable me to give a somewhat more comprehensiv e account, 
m some respects, than has v et been attempted ” 

He then points out the difficulbes of classification and nomenclature 
and finally defines the types of mahgnant endocarditis as follows 

“Mahgnant endocarditis occurs under the followmg conditions 1, as a pnmary 
disease of the linmg membrane of the heart or its v'alves, either attackmg persons 
in previous good health, or more often attackmg the debihtated and dissipated, or 
those with old valve-lesions, 2, as a secondary affection m connection with manv 
diseases, particularly rheumatic fever, penumonia, scarlet fever, diphthena, ague, 
etc , 3, as an assoaated condition in septic processes, traumatic or puerperal We 
shall discuss first the anatomical characters, then the clinical features, and lastly 
the etiological and pathological relations ” 

He then goes on to descnbe the gross pathological and histological 
charactenstics of the lesion 

The followmg paragraph concerning the relationship of nucrococci 
to these lesions is, today, of some interest for he states 
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“The micrococa are constant elements in the vegetations All granules of an 
uniform size met with in the sections are not micro-organisms, nor, mdeed, are all 
which stain by some methods recommended for the detection of these bodies By 
far the most satisfactory method is that of Gramm {Forlschntle der Median, Band 
1 , Berlm), in which the section, after staimng m gentian-violet, is transferred for a 
few mmutes to a dilute solution of iodine and iodide of potassium, and then to the 
alcohol, when it is found that the colour has been extracted from all tissue-elements 
and nuclei, leavmg only the micro-organisms stained They vary a good deal in 
number and arrangement, and may be scattered smgly m the granular substance or 
arranged in groups They are usually very numerous at the deeper part of the 
vegetations, just where the structureless matenal ]oms the granulation-tissue, and 
they may penetrate deeply into the substance of the valve Sometimes the smaller 
vegetations seem made up exclusively of them Several of my specunens appear 
to confirm the view of Klebs {Archtv fur Experiment Pathologic, Band vi), that the 
micrococci lodge first on the endocardium, and penetrate into the substance, often 
as distinct columns In their immediate vicmity, there is a zone of necrosis, and 
beyond this an accumulation of leucocytes and signs of reactive inflammation 
The micro-organisms found m connection with the malignanat endocarditis are not 
all of the same kind Klebs distinguishes two forms, one met with in septic, and 
the other m rheumatic, cases In some mstances, the micrococci are aU arranged 
m zoogloea-like masses, in others, particularly the septic cases, they are m chaplets 
Some present distinct capsules Small elongated bacilh have also been found, I 
have seen them m one mstance, short stout rods, often jomed in pairs ” 

The frequency with which he found the chfferent valves of the heart 
affected is of interest and the fact that the endocardium of the ven- 
tncles was involved in 33 cases is noteworthy since this finding is so 
remimscent of subacute bacterial endocarditis 

“The followmg figures give an approximate estimate of frequency with which 
difierent parts of the heart are affected The aortic and mitral valves were affected 
together m 41 cases, the aortic valves alone m 53, the mitral alone m 77, the tri- 
cuspid in 19, the pulmonary valves m 15, and the heart-wall m 33 The right heart 
IS rarely affected alone, this occurred m only 9 instances, m 5 of which the tncuspid, 
and in 4 the pulmonary, valves were involved The valves are most often attacked 
along the hnes of closure, as m the simple endocarditis, the auncular faces of the 
mitrfl.l flaps and the ventricular surfaces of the aortic cusps suffenng most severely 
Mural endocarditis is most often seen at the upper part of the septum of the left 
ventnde, just below the aortic nng, m which situation some of the most extensive 
and deep cardiac ulcers occur, leadmg to perforation of the septum Next m order 
IS the endocardium of the left auncle on the postero-extemal wall, as noted by 
Lepme {JBull de la Soc de Biologie, 1869) ” 

Of some significance, also, is the paragraph dealing with the relative 
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frequency with which the acute process is engrafted on valves that are 
chronically diseased 

“It v,as Sir James Paget (Medico Chirurgical Traitsacltom, lol -mai), I think, 
who first referred to the frequencj mth which sclerotic and malformed vah es are 
attacked by acute disease Chronic %ahTilitis is met with m a large number of 
cases of mahgnant endocarditis The records which I ha^ e exammed gl^ e onlj a 
percentage of about twent3'-five, but the condition of the valves, except as regards 
ulceration, was often omitted, and thus represents a verj' much smaller percentage 
than actuallv occurs In more than three-fourths of the Montreal cases, sclerotic 
changes were present, and Dr Goodhart found (Pathological Soaetj ’s Transac- 
Hons, vol xxxm), in a series of sixtj-mne cases, that sixtv-one presented old thick- 
enmg of the \ alv es In very manv of the cases, the condition of fusion of tw o of the 
aortic cusps was present This abnormabtj is almost invanablj accompanied bj 
sclerotic changes, and to the existence of these is probably due tlie frequencj wuth 
w'hich they are attacked by ulceration In seventeen instances of fusion of two 
of the aortic cusps of w hich I hav e notes, there w ere ulcerativ e changes in eight, in 
two or three of an atheromatous nature ” 

Later he paj^s particular attention to the emboUic phenomena that 
often accompany the disease, and refers specifically to the frequency 
of hemorrhages in the skin 

“ In the group of primarv cases, the lesions are entirelv those of endocarditis, 
local and general In the second place, there are the extensiv e pathological changes 
due to embolism, and these constitute mteresting features in the disease, and maj 
produce a verj' great variety of lesions in ev'eij'' portion of the bodj I do not pro- 
pose to deal v'ery fuUj' with these, but to call attention onlj' to some speaal pomts 
The cases maj' be divided into those without anj’ embolic processes, cases m which 
the infarcts are simple, not suppurative, those in wluch there are innumerable sup- 
puratwe infarcts and cases in which some of the mfarcts are simple and some sup- 
purative It IS remarkable how^ v ariable these embolic features are They maj' 
be entirely absent in w eU marked mahgnant cases Thev' are not necessarily' asso- 
ciated with suppuration, indeed, in a v'ery considerable number of cases, they pre- 
sent the characters of ordinarv' hemorrhagic infarcts, but in the traumatic and 
puerperal cases the mfarcts are invariably' septic Thev' may' be few m number, 
only one or two perhaps in the spleen or kidnev', or they may' be m tliousands 
throughout the various organs of the body' A\Tien suppurative, micrococa, in 
my experience, are alwaj's present, but the micrococa may' exist m the vessels 
without inducmg this change In severe forms of the disease, haemorrhages are 
very frequent upon the skin, and on the serous and mucous surfaces The cutane- 
ous ones will be referred to again in connection w ith the symptomatology' They 
appear, in many instances, to be due to the effect of tlie poison, ]ust as in other 
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infectious diseases, in others, they are undoubtedly embohc, and a mmute necrotic 
or suppurative centre can sometimes be seen ” 

The first lecture ends with a rather detailed description of the patho- 
logical appearance of these comphcations as well as others of a dif- 
ferent nature such as meningitis 

The second lecture, devoted to a descnption of the chnical features 
of the disease, opens with an introductory statement 

THE GULSTONIAN LECTURES, 

ON 

MALIGNANT ENDOCARDITIS 
Dehvered at the Royal College of Physiaans of London, March, 1885 
By Wiliiam Osler, M D 

Professor of Chntcal Medtctne at the University of Pennsylvania, Philadelphia 

LECTURE n 

“Symptoms — In considermg the symptoms of endocarditis, it is important to 
bear m mmd the manifold conditions under which the disease may develop A 
limited number of cases may be grouped together as formmg a primary substantive 
disease, but in the great majority the affection is either an assoaated pathological 
state, or is of the nature of a secondary malady arising in the course of some other 
disease ” 

This IS followed by a discussion of the modes of onset m which again 
the embolic complications are stressed, and both retinal hemorrhages 
and hematuna are referred to Attention is also directed to the ague 
types of fever, which, in later communications, plays an important 
role 

“The different modes of onset, and the extraordinary diversity of sjmiptoms 
which may anse, render it very difficult to present a satisfactory chnical picture 
The general sjmiptoms are those of a febrile affection of vanable intensity, which 
may be ushered m, like any acute fever, with ngors, pain m the back, vomitmg, 
headache, etc Arismg m the course of some other disease, there may be simply 
an mtensification of the fever, or a change in its features The pyrexia is constant, 
but vanable in type and mtensity, and more likely than any other symptom to lead 
to mismterpretation Prostration of strength, delirium, sweatmg, and other signs 
of severe constitutional disturbance, are usually present 

Cardiac symptoms may be marked from the outset, pain, palpitation, sense of 
distress, and murmur, in many instances, there has been old valvular disease, but 
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m a considerable number of cases the heart-symptoms remam m the background, 
hidden by the general condition, and givmg no mdication, or they may be so shght, 
that they are not e% en detected on special exammation 

The embohc processes give a speaal prommence to local symptoms, v.hich may 
divert attention from the general malady Thus dehnum, coma, or paralysis ma> 
arise from imphcation of the brain or its membranes, pam m the side and local 
pentomtis from mvolvement of the spleen, bloody urme and pam m the back from 
affection of the kidney, loss of vision from retmal hemorrhages, and suppuration m 
various organs, or gangrene, from the distribution of emboli 

So diverse are the features of mahgnant endocarditis, that a consideration of the 
s}miptoms IS greatlj faohtated by arrangmg the cases m groups, accordmg as they 
display special characters Dr Kirkes, m 1852, called the attention of the pro- 
fession to the occurrence of a typhoid-liLe condition m acute endocarditis, and he 
subsequently pomted out the fact that inflammation of the valves might lead to 
pyaemia The mvestigations of Charcot and Vulpian (Gasclle MSdtcale de Pans, 
1862), of Virchow (Gesammelle Abhaiidlungen), of Jaccoud (Nouveau Dtdionnaire 
de Medicine, etc , art Endocarditis), and others, gradually led to the recogmtion 
of these two great tj^ies of the disease Of late, still further separation has been 
made of the cases with features closely resembhng ague or mtermittent, and also 
of cases m ahich the cardiac symptoms are most promment, and I shall call atten- 
tion to certam cases in ahich the symptoms are those of an acute affection of the 
cerebro-spmal system ” 

A little later in the lecture considerable space is devoted to an ac- 
count of this ague type of the disease which Osier notes may be pro- 
longed for several months 

“But by far the most remarkable cases of the pyaemic group are those which 
present a marked mtermittent type of pyrexia, simulating a quotidian or tertian 
ague They may occur u ithout any signs or mdications of heart-disease, or the 
symptoms may develop in mdividuals the subjects of chrome valvuhtis The 
cases are not nearlj so frequent as those of the tjqihoid type, but they have been 
speaaUy studied by Drs Wilks, Bristow e, and Coupland m this country, Lance- 
raeux m France, Leyden and others m Germany The paroxysms may have the 
absolutely tj^ncal features of mtermittent, the chills, hot stage, and sweatmg 
succeedmg each other with regulanty, and m the mtervals there may be an entire 
absence of the fever The quotidian type is the most common, the tertian has 
occasionally been desenbed, and m rare instances two paroxysms have recurred 
withm the twenty-four hours The cases ma}' be much prolonged, even for three 
or four months One of the first references I find to cases of this kmd is m a foot- 
note to one of Dr Ormerod’s Gulstonian Lectures (Medical Gazette, 1851), m which 
a case of Dr Bond of Cambridge is narrated — an instance of chronic valvular 
disease, with mtermittent fever and diarrhoea, two paroxysms occurrmg m the day 
The case lasted four months In a remarkable case (Dr Ray) desenbed by Dr 
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Wilks (BRITISH MEDICAL JOURNAL, 1868), during a six or seven weeks’ 
illness, rigors recurred with such regularity that a tertian ague was suspected for a 
time, although the patient was known to be the subject of heart-disease In some 
instances, the existence of ague previously has rendered the condition much more 
puzzling In several of Lancereaux’ cases (Gazelle de Midtctne, 1862, Archives 
Generates, 1873), the patients had had intermittent fever a short time before, so 
also with one of Leyden’s cases (Zettsclinfl fur Khn Med , Bd iv, Berlm) But 
the most extraordmary case of the kind is recorded by Dr Bristowe (Bnltsh Medical 
J ournal, 1881) A patient had ague in October, chiUs once or twice a day, she was 
ill for SIX weeks, and, after an interval of two or three weeks, they recurred m the 
second week of December, and contmued until December 23rd She was well for 
a few days, and then the attacks recurred after sleeping in a cold bed, and persisted 
until her admission to hospital on February 12th For the four weeks previous to 
entrance, the attacks came every twelve hours regularly A murmur was noticed, 
but the history of ague was so clear, and the attacks so characteristic, that a sus- 
picion of malignant endocarditis was at first not entertamed It was only after the 
failure of quinme and a variation in the character of the paroxysms, that a diagnosis 
ivas reached In Dr Coupland’s cases (Med Tunes and Gazelle, 1822, vol i), the 
mtermittent pyrexia was also well marked In none of our Montreal cases was 
the aguish type very pronounced, though in one or two cases there were regularly 
recurring paroxysms of chills, fever, and sweating, but the conditions under which 
the attacks developed rendered the clinical features more like ordinary pyaemia 
The majority of these cases appear to arise independently of other affections, and 
occur among "ahat I have referred to as the primary class of cases, though, as al- 
ready mentioned, some develop m chronic valvular disease, and others appear 
associated in some way with ague ” 

The following cases illustrate the chief features of this form 

“Ann 0 , aged 46, large iiell nourished woman, was admitted under Dr Wilkms, 
June 5th, 1881 She had been a healthy woman Dr Blackader saw here on the 
2nd, when she complamed of severe pams m the back, loms, and hips, which were 
relieved by poultices Pulse rapid, tongue furred, no diarrhoea She was sup- 
posed to be suffermg from typhoid fever No reliable history, family or personal, 
could be obtamed, but she had been out of sorts for four or five days previous to 
the onset of the attack On admission, temperature 104°, pulse 110, respiration 
32, no eruption, lungs normal, no heart-murmur, no albumen m urine On the 
6th, she passed a restless night Temperature, 104°, pulse 120, dicrotic, abdomen 
distended, two stools She passed 18 ozs of urme, slightly bloody, which might 
have been from the menses, which began to day On 7th, mommg-temperature 
103 2°, pulse weak, 120, respiration 54, shallow, loud sonorous rdles over chest, 
bowels and bladder emptied involuntarily, stools frequent, high coloured, patient 
could not be roused The legs and general surface seemed tender, which caused 
her to cry out when moved Urine drawn off by catheter contamed much blood. 
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50 per cent by volume of albumen, and many granular casts Pupils unequal, 
head drawn to the nght Some rigidity of muscles of arms, most marked on the 
left, mcreasmg coma, and death at 3 30 P M of the 7th, the suxth da> of her senous 
illness At necropsj, no h3q3ertrophy of heart, mitral valves a trifle thick, with 
small superflcial losses of substance on both curtams Aortic valves normal, 
infarcts m spleen Numerous small haemorrhagic emboli m kidne> s and through- 
out the intestmes Six or eight suppuratmg infarcts in brain, chiefly near longi- 
tudmal fissure and on median surfaces The case is a good example of the pnmarj 
mahgnant endocarditis occumng m a healthv' individual, and running a rapid 
course, with symptoms of typhoid character The diarrhoea was not profuse, 
though the mtestmal lesions were well marked ” 

There then follow descnptions of acute cases occurring dunng the 
course of pneumonia or m pyaemia, but in the next group termed “ Car- 
diac Group” Osier refers to cases that remmd one verj^ forcibly of in- 
stances of subacute or even chrome bactenal endocarditis 

“Cardiac Group — Under this headmg maj be arranged, as suggested b> Dr 
Bramwell (Diseases of the Heart), those cases in which patients, the subjects of 
chrome valve-disease, are attacked with febrile sjmptoms and evidences of a recent 
endocarditis engrafted upon the old process I have ahead} remarked on the 
great frequency with which ulcerative changes are found m connection with scle- 
rotic endocarditis Many of such cases present features of the p} aemic, tvphoid, 
or cerebral types, and may be of the most acute character, but, m others, the proc- 
ess appears much less mtense, and the cause more chrome In a considerable 
series of cases, the history is somewhat as follows The patient has, perhaps, 
aortic valve-disease, and is under treatment for fadmg compensation, when he 
begms to have shght irregular fever, an evemng exacerbation of two or three 
degrees, some mcrease in cardiac pam, and a sense of restlessness and distress 
Embohe phenomena ma> develop, a sudden hemiplegia, pam m the region of the 
spleen, and signs of enlargement of the organ, or there is pam m the back, with 
blood} urme In other instances, penpheral embolism ma} take place, w ith gan- 
grene of the foot or hand There may be hebetude or a low dehnum Instances 
such as these are extremelv common, and while, in some, the process mav be v erv 
intense, m others the term mahgnant seems not at all applicable to them, still, in 
a large series of cases, all gradations can be seen between the most severe and the 
milder forms Dr Green (Lancet, 1884, vol i) referred to a case which lasted six 
months, and to another m which, dunng eighteen months, there were attacks of 
irregular fever I hav e known the febrile s}niptoms subside for weeks, to recur 
agam with mcreased seventy, and there are cases which render it probable that the 
process may subside entirel} The ulcerative destruction, in these cases, mav be 
most extensive, and I have seen the aortic rmg with scarcelv a trace of vnlve- 
substance left The process in the chronic cases is also m} cotic, and it is to be 
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carefully distinguished from the atheromatous changes In very many mstances, 
there is no history of rheumatic fever or of other constitutional disorder, but the 
endocarditis appears to attack the sclerotic valves as a primary process, and a very 
considerable number of the most t3T3ical cases are of this kind A good example 
was the foUowmg case, in which the disease attacked peformed and hardened 
V alves, and the dinical s 3 Tnptoms were prolonged for nearly three months 

H M , aged 38, was admitted September 8th, under Dr Ross He had a good 
family and personal history, he had always enjoyed excellent health A month 
ago he had chilly feehngs, fever, and sweating, with vomitmg He kept about 
until ten days before admission, when he took to bed, with pains at the heart, and 
fever On admission, there was marked aortic mcompetency, temperature 100° 
Fahr , he seemed dull and heavy On ISth, there was ihac tenderness, and some 
diarrhoea For the next two weeks, he remained m same state, temperature rising 
at times to 103° Fahr During the first week of October, the prostration mcreased, 
and there was slight delirium at night, temperature not higher than 102° Fahr 
On the 14th, there was an eruption of petechiae From this time, the temperature 
kept lower — 100° to 101° Fahr — the delirum and prostration increased, and death 
took placed on the 23rd Two of the aortic cusps had fused, and there were old 
sclerotic changes, there were recent soft greyish vegetations, the spleen presented 
SIX or eight mfarcts, one suppurative 

These are the cases of ulcerative endocarditis which present fewest difiSculties 
in diagnosis The existence of the chronic heart-disease excites attention, and 
even if compensation has previously been perfect, the ulcerative process may be the 
very cause of disturbing the balance and producing marked symptoms In my 
experience, the existence of fever is invariable when the ulcerative processes are 
due to micrococci, whereas most extensive destructive changes may occur in ather- 
omatous disease without any elevation of temperature It may be possible that 
the granular detritus discharged from atheromatous foa on the valves, or on the 
aorta, may have irritating properties, yet, m two instances, I have met with most 
extensive atheromatous ulcers on valves and aorta, from which large quantities of 
material must have been discharged, and the patients were not febrile Dr 
Sansom {Lancet, 1884, vol i), however, has referred to a case of ulcerative endo- 
carditis in which there was no elevation of temperature throughout ” 

The so-called*' cerebral group” which follows, is composed principally 
of cases running an acute course with cerebra-spinal menmgitis 

In the description of the cutaneous lesions definite reference is made 
to “petechiae ” 

“The occurrence of a rash has been described by many observers and, in some 
instances, has led to errors of diagnosis The most common form is the hemorrhagic, 
in the form of small petechiae, distnbuted over the trunk, particularly the abdomen, 
less often m the face and extremities They may be most abundant over the whole 
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body, and at times are large and present small white centres When severe nervous 
symptoms are also present, the resemblance of the cases to cerebro-spmal memn- 
gifas, or typhus, may be very dose In one mstance, the case was thought to be 
haemorrhagic vanola (Duget and Hayem, Camples rendiis de la Soc de Bwlogie, 
1865) An erythematous rash has also been observed 

In a case of Dr Cayley’s (Lancet, 1844, 1), there was a mottled red rash on the 
skin Colson (Bull de Soc d’Attalomte, 1876) descnbes a case in which the rash 
was erythematous, and m spots distmctly papular ” 

This lecture ends with a paragraph alluding to the vanable course 
of the disease, and again Osier makes passmg reference to the cases 
lastmg two to three months 

“The course of the disease presents many vanations, weU illustrated by the 
records I have given, very acute cases may run their course withm the week, as m 
the patient Ann 0 , already referred to, while m others the duration may be e\en 
two or three months Except m certam cases in which the patients are the sub- 
jects of chrome valvuhtis, the course is rarely prolonged byond four or five weeks ’’ 

The third and last lecture starts with a paragraph emphasizing the 
difficulties of diagnosis 

THE GULSTONIAN LECTURES, 

ON 

MALIGNANT ENDOCARDITIS 
Dehvered at the Royal College of Physiaans of London, March, 1885 
By WnLiAii OsLER, M D 

Professor of Cltmcal Medicine at the University of Pennsylvania, Philadelphta 

LECTURE m 

"Diagnosis — Few diseases present greater difficulties in the way of diagnosis, 
difficulties which m many cases are practically msurmountable It is no dis- 
paragement to the many skilled phj^icians who have put their cases upon record 
to say that, m fully one-half of them, the diagnosis was made post mortem In 
spite, too, of able memoirs m the journals, the disease has not been much known, 
and It IS only of late years that the text-books have contamed chapters upon it 
The protean character of the maladj , the latency of the cardiac symptoms, and the 
close simulation of other disorders, combine to render the detection pecuharly 
difficult 

In the group of cardiac cases in which the disease attacks a patient the subject 
of chrome valvuhtis, the matter is usually easy enough The existence of fever of 
an irregular type, and the occurrence of embolism, generally suffice to mad.e the 
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case clear It must be remembered that sunple warty endocarditis not unfre- 
quently attacks sclerotic valves, and may be accompanied by slight fever Of 
course, m chronic heart-disease, irregular pyrexia may arise from other causes — 
local suppuration, cellulitis, etc —which must be excluded ” 

Among these difficulties, as Osier points out later, one relates to the 
resemblance that certain types of this disease bear to malaria 

“It seems strange that difficulties should arise m the diagnosis between malaria 
and malignant endocarditis, but the records of cases plainly show that for weeks or 
months a condition of mtermittent pyrexia may occur, simulating every type of 
ague The paroxysms m regularity, m order of sequence, and in the accompanying 
general conditions, may fulfil every condition of a quotidian or tertam intermittent, 
and the development of cardiac symptoms, with breathmg of the pyrexial type, 
may alone determine the nature of the case ” 

In the long discussion devoted to the etiology of infective endocardi- 
tis, rheumatism assumes a prominent position But it does so, not as 
much on account of its being an immediate cause of the acute disease, 
as by reason of the fact that some of the patients gave a history of 
having had a previous attack 

“In 127 of the cases, the endocarditis was associated with other diseases, some 
of the most important of which we shall now proceed to consider 

Rlieumahsm — Since BouiUaud called special attention to the frequency of 
cardiac complications in this disease, its importance m the etiology of endocarditis 
has been universally recognised And, as regards the simple form of endocarditis, 
the general statements are quite true, but, fortunately, the graver and fatal form 
IS much less common, much less, I thmk, than is usually supposed In 53 cases, 
there was a history of rheumatism, past or present I mcluded every case m 
which there had been the record of an attack, recent or remote In only 24 did the 
symptoms of severe endocarditis arise during the progress of the acute or sub acute 
disease In 29 cases, there was simply a history of rheumatism, often years before, 
and no mention of the occurrence of joint-troubles at the time of the development 
of the endocarditis Dr Ogle called attention to the fact that ulcerative endo- 
carditis occurred very often m persons in whom no rheumatic history could be 
traced Of 2 1 cases which he reported, some of v hich were probably atheromatous, 
m only 3 was rheumatism mentioned In only 3 also of the Montreal cases was 
tliere any positive history of rheumatism, either before or during the attacks The 
following case, under the care of Dr Ross, is a good example of the mode of on- 
set 

“In a larger number than in any other group, sclerotic valves were found, with 
the existence of which the past rheumatism could, in many instances, be connected 
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A primary rheumatic endocarditis was recognised by Latham, also by Gra\ es and 
Stokes, and it is quite possible that some of the cases which I ha\ e grouped as pro- 
topathic represented mstances of the Lmd m which, if life had been prolonged, 
jomt-troubles might have supervened ” 

The final paragraphs give some conception of the difficulty encoun- 
tered in solving the etiology of such a comphcated situation at a time 
when the science of bactenologj’^ was m its infancy 

“Bnefly stated, the theory' of acute endocarditis which at present pre\ ails, and 
the only one to which I shall refer, is, that it is m all its forms, an essentially mj - 
cotic process, the local and constitubonal effects bemg produced bj the growth on 
the valves, and the transference to distant parts of microbes, which vai> m char- 
acter with the disease m which it develops This very attractive theorv can be 
adjusted to meet every requirement of the case, though as yet lacking certam of 
those substantial data necessary for full acceptance, but which, havmg been fur- 
nished of late j ears m other diseases, we maj' reasonably hope wiU m time also be 
forthcommg for this 

In the v ay of experimental mvestigation of the properties of the rmcrococa, not 
much has been done of a satisfactory nature Heiberg (Virchow’s ArcJnv, Band 
Ivi) placed bits of vegetations from a puerperal case beneath the skin and m the 
pentoneal cavity of a rabbit without effect Eberth {Ihtd , Band hm), Birch- 
Hirschfeld (Archtv der Hetlkunde, Band xvu), ha\e produced panophthalmos m the 
rabbit by moculatmg the cornea, and I was able to produce well marked mycotic 
keratitis m the same animals with fresh matenal from the valves of two cases H 
Young, of JManchester, moculated rabbits with pus from an abscess m ulcerative 
endocarditis, and was able to detect micrococa m the blood 

No conclusive culture-experiments have yet been made Grancher (Journal 
de Medicine de Pans, December 20th, 1884) has cultivated a microbe from the 
blood, taken dunng hfe with all necessary precautions, but apparently not m senes, 
and no moculations of animals were made Corml (L’Aheille Midicale, December 
22nd, 1884) has made cultures on gelatme, but apparently no speaal results have 
been reached 

In the first place, w e do not yet know, wnth suffiaent accuracy, the frequency 
of the occurrence of microbes m simple endocarditis Are they constantlj present, 
or only m forms assoaated with special diseases? Secondly, w e w ant full informa- 
tion of the various forms of micro-orgamsms occumng m secondary endocarditis, 
and of their relation to the microbes assumed to be the cause of the primarv dis- 
ease And, thirdly, we are only at the threshold of inquines relatmg to the culture 
of these orgamsms, to the macroscopic characters of their growth, and to the pos- 
sible experimental production of endocarditis ” 

These lectures remain today a classical contnbution to the subject 
of mfectious endocarditis They mcorporated aU the knowledge that 



20 


WARFICLD T LONGCOPE 


was then available concerning this subject, and were still further lUunu- 
nated by Osier’s personal observations He correlated this information 
and classified it as well as it could be done at a time when bacteriology 
was m an embryonic state Though, perhaps, a majority of the cases 
were mstances of acute infectious endocarditis, several could now be 
mterpreted, from the description which Osier gives, as examples of 
subacute bacterial endocarditis The preexisting valvular lesions, the 
prolonged course with irregular or intermittent fever, the subjective 
sjmiptoms, the petechial hemorrhages m the skm, the retmal hemor- 
rhages, enlarged spleen, the hematuna and the presence of multiple and 
non-suppurative mfarcts are aU charactenstic of this condition 
In the year foUowmg the Gulstoma Lectures Osier pubhshed an im- 
portant paper which is rarely referred to It was entitled “The Bicus- 
pid Condition of the Aortic Valves” (5) and appeared in the first vol- 
ume of the Transactions of the Association of Amencan Physicians 
He defines the condition as follows 

THE BICUSPID CONDITION OF THE AORTIC VALVES 

By Wiluam Osler, M D ,F R C P , Lond 
Professor of Chntcal Medictne %n the University of Pennsylvania 

(Trans Assoc Am Physicians 1886 t, 185-192) 

‘'Definition — K condition of the arterial valves m which two of the cusps are 
more or less perfectly fused, so that the onfice is guarded by only two segments 
Frequency of the Occurrence — It is usually referred to as a common abnormahty, 
and Dilg' has tabulated 64 cases in the pulmonary, and 23 in the aortic, valves 
A careful study of the anomaly has recently been made by Martinotti and Spemio,^ 
and again by Martinotti,® who remarks that the list given by Dilg of the condition 
m the aortic valve might be greatly extended In over eight hundred autopsies, 
I have met with it m 18 cases, 17 in the aortic valves, and in 1 case m both aortic 
and pulmonary valves A detailed account of the cases is given m the appended 
table In 110 cases of valvular disease of all kinds, there were 57 m which the 
aortic segments were affected, either alone or in conjunction with the mitral and 
tricuspid valves, so that this condition was present in over thirty per cent of all 
the cases of aortic disease, a proportion which I am mchned to regard as excep- 
tional " 


1 Virchow’s Archiv, xci 

- Atti della R Academia di Medecina di Torino, 1884, reprmt 
® Gazzetta delle Clmiche, 1886, repnnt 
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He then goes on to say that the aortic valves in 8 of his 18 cases 
were the seat of an infectious endocarditis, a matter to which he had 
referred in an earher paper He now elaborates stdl further this 
statement 

“Clinical Features — ^In two of the Cases (2 and 14) the condition was found after 
death and there was no evidence that the persons had suffered from cardiac symp- 
toms Cases 5 and 10 died suddenly, and m Case 4 death was also sudden but 
resulted from the ruputure of a cerebral aneunsm Excludmg Case 7, a foetus, 
the remammg twelve cases presented the dmical features of heart disease In 
eight there was ulcerative endocarditis, m Cases 7, 9, 13, and 18 of a very severe 
type Cases 1, 11, 15, and 16 were examples of gradual heart failure with the usual 
symptoms of disturbed compensation Thus m fifteen' of the cases the cause of 
death could be attributed directly or mdirectly to the existence of this anomal> 
Whether the result of foetal endocarditis or a primary failure m development, the 
condition thus plays an important part m the history of aortic valve disease The 
special proneness of mal-formed structures to disease in well known, and the con- 
]omt segments are rarely, m the adult, free from sclerotic changes, while m nearly 
half of my cases there was also ulceration Doubtless, the stram upon the fused 
curtams is more severe than upon normal cusps, and though m the foetus, and even 
in the adult, the tissue of the valve may have the natural thinness and mobihtj, 
yet, as a rule, there are mduration and thickening I have elsewhere* called atten- 
tion to the frequency with which ulcerative endocarditis attacks sclerotic valves 
Indeed, it is exceptional for normal segments to be affected The recent investi- 
gations in experimental endocarditis by Orth* (which are confirmed by the beautiful 
demonstration of Prudden at this meeUng) would indicate that the micrococa 
cannot lodge on the normal valve, but the shghtest abrasion suffices to permit of 
their entrance Although Ribbert* has been able to mduce endocarditis by mject- 
mg cultures of the microorgamsms without any previous lesion of the valves, partic- 
ularly if the matenal was assoaated with rougher particles, these recent expen- 
ments support the experience of the post-mortem room that a damaged valve is the 
most hkely to become the seat of ulcerative changes ” 

There follows a short discussion of the ongm of this anomaly 

“Origin — ^Whether the condition is the result of a foetal endocarditis or is an 
anomaly of development cannot be finally settled until we have fuller knowledge 

' In case 4, a lad of twenty, in which rupture of a cerebral aneunsm was the 
immediate cause of death, there was evidence of the connection of the aneunsm 
with a previous embolic process, which might reasonably be associated with the 
valve lesion 

* British Medical Journal Gulstonian Lectures, 1885, vol i 

* Tageblatt der 58 Versammlung Deutscher Naturforscher zu Strassburg, 1885 

* Deutsche med Wochenschnft, 1885, No 42 
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of the details of formation of the semilunar valves The advocates of the inflam- 
matory view urge that indications of the ongmal separation invarably exist and 
that the valves as constantly present evidences of endocarditis To this view 
Virchow has given the weight of his authority and has recently' stated that an 
examination of the question has convinced him that a majority of the cases show 
signs of a “secondary fusion of two cusps ” This certainly may he so m some cases, 
but the following considerations lead, I think, to the conclusion that in many there 
is a faulty arrangement at the time of the development of the segments ” 

Osier at the very end of the paper, suggests that the anomalous con- 
dition of the aortic valves may be due to an error in their development 

“Fourth If it turns out to be correct, as my cases indicate, that the affected 
valves are usually those behind which the coronary artenes are given off, this 
would point to some error associated especially with the development of these 
cusps ” 

He finally tabulates the pathological findings m his 18 cases and Nos 
9, 11, 13 and 18 are quoted from this table on account of their partic- 
ular interest 
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It seems probable that if not all, at least some, of these cases were 
examples of congemtal bicuspid aortic valves, and if so this paper 
forms one of the earhest observations upon the occurrence of acute or 
subacute endocarditis m this condition It was 37 years later that 
Lewis and Grant (6) pubhshed their well known article on the subject 
and 39 years before Maud Abbott (7) wrote extensively on mflamma- 
tory Processes m Cardio-vascular defects 

Dunng the years immediately following the appearance of these 
papers, from which quotations have been so freely taken, Osier dis- 
cussed the question of infectious endocarditis, accordmg to Maud 
Abbott’s “Bibhography of Osier,” at medical meetings and in several 
unsigned editorials For instance, he presented, some time between 
1887 and 1889, two cases of ulcerative endocarditis (8) before the 
Path Soaety of Philadelphia, one of which was supposed dunng hfe 
to be an instance of advanced “phthisis” in a young woman of 30 with 
heart disease 

There were, however, many other important matters to engage his 
attention In 1889 he left Philadelphia to become Professor of Medi- 
cine at the Johns Hopkms Medical School and between 1890 and 1892 
he was immersed m the absorbing work of wnting his text book 

The first edition of the text book appeared in 1892 In it there is 
qmte a long section on Acute Endocardihs This is constructed very 
largely on the basis of his Gulstonian Lectures and his previous papers 
on the subject There is no need to discuss this excellent and concise 
account of acute endocarditis as far as it was then known in detail, 
but it IS noteworthy that at that time, he did not mention any specific 
bactena as the causative agents of infectious endocarditis It is im- 
portant, on the other hand, to draw attention to what appears to be 
a growing realization that there was one type of case in which the 
course of the disease was surpnsingly long In the paragraph deahng 
with the “septic type” there occurs the following statement 

“In a most remarkable sub-group of this type the disease may simulate a quo- 
tidian or tertian ague The symptoms may develop m persons with chronic heart- 
disease without any external lesions These cases may be much prolonged — for 
three or four months, or even longer, as m a case of Bristowe’s The existence in 
some of these mstances of a previous genume malana has been a very puzzlmg 
arcumstance ” 
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And again in refernng to the progress of acute endocarditis he states 

“The course of the disease is varied, depending largely upon the nature of the 
primary trouble Except in the disease engrafted upon chronic valvulitis the 
course is rarely extended beyond five or six weeks As already mentioned, there 
are instances in which the disease is prolonged for months ” 

In spite of his many exacting and vaned duties, Osier evidently 
continued his studies of infectious endocarditis for m 1893, the very 
year that the Medical School opened, he pubhshed a paper in which 
he drew particular attention to the protracted course of the disease in 
two patients Osier’s descnption of these two cases, combined with 
his comments, leads one to believe that he was begmmng to discern 
that there was or might be a particular type of infectious endocar- 
ditis, which, under the name of subacute bactenal endocarditis, is very 
familiar to us today 

The article starts, as usual, with references to Wilks, Bnstowe and 
others, with a summary of the chnical features of the two cases 

THE CHRONIC INTERMITTENT FEVER OF ENDOCARDITIS (9) 

By William Osler, M D , F R C P Lond 

Professor of Medtctne tn the Johns Hopktns Umverstly, and Phystcmn-tn-Chtef to 
the Johns Hopktns Hospttal, Baltimore 

(Practitioner, London 1893, 1 181-190) 

“The tirpe of endocarditis characterised by a protracted course and an irregular 
mtermittent fever has been speaally studied by Wilks, Bnstowe, Coupland, and 
Lancereaux In my Gulstoman Lectures (1885) its characters are thus described 
The paroxysms may have the features of ague, the chill, hot stage, and sweating 
succeedmg each other with regularity, and m the intervals there may be an enture 
absence of the fever The quotidian type is the most common, the tertian has 
occasionally been described, and in rare mstances two paroxysms have recurred 
within the twenty-four hours The disease may be much prolonged, even to three 
or four months 

One of the first references I find to cases of this kmd is m a footnote to one of 
Dr Ormerod’s Gulstoman Lectures,* in which a case of Dr Bond, of Cambridge, 
IS narrated— an mstance of chronic valvular disease, with mtermittent fever and 
diarrhoea, two paroxysms occurrmg in the day The case lasted four months In 
a remarkable case described by Dr Wilks,- d uring a six or seven weeks’ illness, 

^Medical Gazette, 1851 

2 British Medical Journal, 1868 
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rigors recurred with such regularity that a tertam ague was suspected for a time, 
although the patient i\as hnoira to be the subject of heart disease In some 
instances, the existence of ague previously has rendered the condition much more 
puzzling In several of Lancereaux’s cases® the patients had had intermittent 
fever a short time before, so also ivith one of Leyden’s cases ^ But the most extra- 
ordmary case of the Lind is recorded by Dr Bristowe ® A patient had ague m 
October, with chills once or twice a day, m an illness of six weeks After an mten’-al 
of ti\o or three weeks they recurred in the second week m December, andcontmued 
until December 23 She was well for a few days, and then the attacks recurred 
after sleepmg m a cold bed, and persisted until her admission to hospital on Febru- 
ary 12 For the four weeks previous to entrance, the attacks came every twelve 
hours regularly A murmur was noticed, but the history of ague was so clear, and 
the attacks so charactenstic, that a suspiaon of mahgnant endocarditis was at first 
not entertained It was only after the failure of quinine, and a vanation m the 
character of the paroxysms, that a diagnosis was reached In this case, the most 
protracted with which I am acquamted, the condition persisted for more than five 
months, and Dr Bristowe has informed me that he regarded the case as one of 
ulcerative endocarditis from the outset 

I have recently had under observation a remarkable case m which the symptoms 
persisted for nearly ten months, and through the kindness of Dr Mulhn of Hamil- 
ton, Ontario, I am able to give the notes of a second case m which the disease con- 
tinued for eleven months The clinical features of these two cases may thus be 
summarised 

(1) Daily mtermittent pyrexia for many months, the temperature nsing to 
102° 5 and 104°, occasionally preceded by a distmct ngor, more commonly by 
feehngs of shght chilhness Following the pyrexia there was more or less sweatmg 

(2) Progressive failure of strength, with varymg mtervals of improvement 

(3) Physical signs of cardiac disease — ^in the cases here reported an apex sjs- 
tolic murmur, with hypertrophy of the left heart 

(4) Development towards the close of the embohc symptoms more usually 
assoaated with ulcerative endocarditis, and cutaneous ecchymoses ” 

The first patient was a man of 43 Early in December, 1891, he 
suddenly fell ill with a chiU and fever followed by malaise, fatigue, 
cough, pains in different parts of his body and loss of weight The 
patient was under observation from March 15 to May 10 Dunng 
this penod he had irregular fever, signs of a lesion of the mitral valve, 
and pain and tenderness in the splemc region, though the spleen was 

® Gazelle de MSdecine, 1862, Archives GSnerales, 1873 

^ Zeitschrifl f kltn Med , vol iv Berhn 

® British Medical Journal, 1881 
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not palpable WTien he was discharged from the Johns Hopkins 
Hospital the following final note was made 

“ Repeated examinations showed no apparent change m the cardiac condi- 
tion The intense systolic murmur at the apex, obliterating the first sound, per- 
sisted No mcrease could be determined in the area of cardiac dulness The 
sounds in the aortic region remained clear The patient left the hospital on May 
10, and the history chart was headed “chronic vegetative endocarditis ” 

The subsequent history is interesting on account of the continuous 
fever and emaciation, the appearance of petechiae and the late urinary 
findmgs 

“For the subsequent history I am indebted to Dr Block, who has sent the careful 
temperature chart kept by the nurse up to the time of the patient’s death From 
this it may be gathered that the temperature range throughout May and June was 
from 97° to 103° In July the average was decidedly lower, and towards the end 
of the month he had several days when the temperature was almost normal Early 
m July petechiae appeared, and several groups of these were noticed On August 
19 the temperature became normal, and remained so until the 24th, but the pulse 
was weak and he had free sweats During the first week in September the tem- 
perature was usually sub-normal, and only reached 98° m the evening The morn* 
mg temperature was frequently 95° There were profuse perspirations From 
the 9th until his death on the 14th the temperature only once registered 98°, and 
for four days was contmuously below 96° He failed progressively, became ex- 
tremely emaciated, had diarrhoea, and there were blood-corpuscles and blood casts 
m the urme The pulse was feeble, irregular, and intermittent There were no 
bram symptoms, and he remained conscious until the last ” 

At autopsy there were enormous vegetations on the mitral valve, 
shght enlargement of the spleen with anaemic and softened infarcts, 
enlarged kidneys showing infarcts, and petechial hemorrhages over 
the pentoneum No bacteriological examinations or cultures were 
made 

The description of the disease m this patient conforms very well to 
a case of subacute bacterial endocarditis, while in the second patient 
the clinical picture is even more characteristic, and therefore sections 
of the history and examination are quoted in full 

“ The patient has generally enjoyed good health, but at twelve years of age 
she had an attack of rheumatism, apparently not severe, as she uas in her room 
only one week, and not m bed all of the time About four years before the onset 
of her last illness she had pain and slight swelling in one knee, was not confined to 
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bed, but wore a splint for a week She has alwa 3 ’s been pale, and v\ hen at boarding 
school her teacher often suggested that iron would be of use She, howe\ er, did 
not feel ill, and scarcely e\ er thought that she required medical treatment At 
times, howei er, upon some sudden exertion she felt a stabbmg pain m the region of 
the heart which ne\ er lasted long The menses were alwaj-s regular until the earh 
part of the illness In Februar> 1888, she caught cold when toboggamng, and 
had pam m the back part of the chest, but did not require to go to bed In March 
she \usited some fnends at Niagara Falls, where she remamed until Julj Here 
her fnends noticed that she looked miserable for some tune before she spoke of 
being ill The menses failed to appear, and she thought this was the reason wh\ 
she did not feel so well as usual She sometimes had attacks of faintness, which 
soon passed away on taking a stimulant She became weaker, and had fe\er 
followed bj night sweats, the fever came on in the afternoon A ph 3 siaan was 
consulted, who said the heart was affected and that she required prolonged medical 
treatment and rest She contmued, however, to go about, and frequentl 3 took 
long walks, though on exertion she complamed of bemg short of breath She had 
fever and sweatmg at night, and was often so restless that she was obbged to lea\ e 
her bed and reclme on the sofa ” 

“ In the first week of July she came home, and was placed under m 3 care 
In the forenoon the temperature appeared normal, but ever 3 afternoon it rose to 
102° or 103° For a time she was thought to have typhoid fever, but no distmctive 
s\-mptoms appeared ” 

“ No local svmptoms arose to account for the fe% er, pam w as not complamed 
of to an 3 ' great extent , sometimes, for a few hours or half a da 3 , there would be aching 
and pam m the hands and different jomts, but these were alwa 3 ^ transient and at 
no time after she came home was there marked tenderness or swellmg m an 3 of the 
joints IITien she reached home there was some sweUmg of the ankles and knees, 
but this soon passed awa 3 as she remamed m bed Not makmg an 3 exertion she 
did not suffer from d 3 'spnoea There was a loud s 3 'stohc murmur at the apex, and 
from the first the signs of h 3 q)ertroph 3 ' showed that mitral disease had existed for 
some time Before she came home it was noticed at the outset of the illness that 
small spots appeared on the hands and feet, also on arms and legs and face, that 
looked like “hi\ es ” These contmued to appear, the 3 were er^'thematous, some 
as small as a pea, others as large as a fi\e-cent piece, with a white pomt m the 
centre They often passed awa 3 m a few hours, and ne\ er lasted longer than the 
e\ ening of the day on which the 3 appeared Thev w ere not numerous , sometimes 
the\ would appear near the tips of the fingers which for a short time became 
sw ollen These spots w ere seen more or less throughout the illness, though more 
of them were noticed in the early part ” 

“ A careful temperature record was kept m this case from Juh 17, 1888, 
untd Juh 7, 1889 The t^•pe or fe\er was m each month remarkabl 3 uniform. 
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the morning record always at or below the normal point, and the evening record 
reachmg 102° 5, 103°, and sometimes 104° At intervals for a week or two the 
evening temperature did not fall below 100° ” 

“The autopsy showed moderate enlargement of the heart, due chieflj to hyper- 
trophy and dilatation of the left ventricle The aortic valves were normal, the 
mitral orifice readily admitted two fingers, the valve segments were thickened and 
presented numerous large vegetations, chiefly on the auricular surfaces, and ex- 
tendmg from the base of the posterior segment to the wall of the left auricle The 
chodeae tendineae were a little shortened and thickened, and many of them en- 
crusted with the vegetations The spleen and kidneys contained numerous infarcts 
in all states of change ” 

“The diagnosis of these protracted cases is often very diflScult, and not unnatu 
rally they are mistaken at the outset for malarial fever, particularly when daily 
chills occur 

One very important observation m this second case was the presence 
of a generalised eruption which also occurred at times near the tips of 
the fingers Both of these cases are referred to by Osier in a later 
paper as instances of “Chronic Infectious Endocarditis ” He pointed 
out then that the eruption observed in the second case was the first 
instance of this particular sign, now known as “Osier’s nodes,” that had 
come to his attention It was not, however, until 15 years had elapsed 
that this later communication appeared 

In the meantime he had been offered and had accepted the Regius 
Professorship of Medicine at Oxford He left Baltimore to make his 
home m England in the spring of 1905 

An event took place the following year which has had great influence 
upon the development of clinical medicine, not only m England but 
m the world at large It can best be described by quoting a page from 
Cushing’s Life of Sir William Osier (3) — Vol II, page 49 

“There was a movement on foot, about the time of Osier’s transfer to England, 
fostered chiefly by Drs Wdmot Herrmgham, A E Garrod (now Osier’s successor), 
William Hale-White, H D RoUeston, J Rose Bradford and Robert Hutchison, to 
start a new medical journal of a type rather different to any then being published 
in England, and, recognizing how great would be the value of his support. Osier 
was approached on the subject To judge from contemporary letters, he had 
another project m mind and saw the chance of fusing his scheme with this other 
one Accordingly, at the preliminary meeting held on May 23rd at Herringham's 
house, m the course of the discussion he casually remarked “Why not form a 
National Association of Physicians first, and let the journal come to be its official 
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organ^” — adding that the O'rford Press might be prevailed upon to undertake the 
publication, though it was somewhat out of their hne The suggestion was 
warmh welcomed, and as an outcome of this informal gathering the Association of 
Phjsicians of Great Bntain and Ireland, with the Quarterlj Journal of Mediane 
as its official mouthpiece, came mto bemg, and the Oxford Univ ersitj Press made its 
first \ enture into the field of medical pubhcations Though Osier never held an 
official position in the assoaation he served for the following tw elve j'ears, until the 
time of his death, as one of the editors of the journal, and is said to have been 
“indefatigable in encouragmg its growth, shapmg its poliaes and smoothing out 
its difficulties ” 

The first meeting of the Association of Physicians of Great Bntain 
and Ireland was held m London in the rooms of the Royal Medical 
and Chinirgical Society on May 23 and 24, 1907 At this meeting 
Osier presented a paper on “Multiple Hereditary Telangiectasis,” 
which appeared subsequently in the first number of the “Quarterly 
Journal of Medicme,” of which Osier had been appomted editor m 
chief The second meeting of the Association opened in Edmburgh 
in June 1908 and it was at this meeting that Osier presented his work 
on “Chronic Infectious Endocarditis ” 

At this time Osier was famihar with the work of Harbitz and of 
Lehnhartz and though he refers to a case in which Horder had used 
vaccines, he does not mention the investigations of SchottmuUer (10) 
on the differentiation of haemolytic streptococci from streptococcus 
vindans 

Osier’s contribution to the subject was noteworthy The paper is 
frequently quoted on account of the fact that, m it he descnbed and 
emphasized one form of eruption which occurs m subacute bactenal 
endocarditis, now generally designated “Osier’s nodes ” But over 
and above this observation the commumcation has distinction, for he 
gives a clear and concise account of a condition which though recog- 
nized before this time even by Osier himself, had been ill defined In 
this article a disease now very famihar as “subacute bactenal endo- 
carditis” IS presented as a definite chmcal and pathological entity even 
though Its ongm cannot always be attnbuted to exactly the same 
vanety of bactena 

For these reasons several excerpts from this paper are quoted in full 
It starts as usual with a defimtion, and with references to similar cases 
that had previously been reported In this connection he makes the 
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statement that when he gave his Gulstonian Lectures he had not seen 
a case of this type, but one wonders in retrospect whether some of the 
cases of infectious endocarditis to which he refers in these lectures were 
not actually rather rapidly progressing instances of subacute bacterial 
endocarditis This interpretation is certainly applicable to some of 
the cases described in his later communications, for it seems highly 
probable that cases 11, 13, and 18 in his paper on “The Bicuspid Con- 
dition of the Aortic Valves” (5) which appeared m 1886 were of this 
nature, and that the young woman whose illness he descnbed at a 
meeting of the Pathological Society in Philadelphia about the year 1887 
and printed in 1891 (8) might well have had subacute bactenal endo- 
carditis The following quotations have been selected as being par- 
ticularly important 

CHRONIC INFECTIOUS ENDOCARDITIS 
By WirriAM Osler' (11) 

(Quarterly J M Jan 1909, 2 219) 

“An endocarditis with fever as its only symptom may be prolonged for weeks 
or months under many different circumstances That occasional instances were 
characterized by a very protracted course was noted by Wilks, Bristowe, Coupland, 
and Lanceraux In my Gulstonian Lectures, 1885, 1 stated that this type had the 
following characteristics the fever was irregular and intermittent, resembling 
ague, the cold, hot, and sweating stages might succeed each other with great regu- 
larity, in the intervals fever might be absent, two or three paroxysms could occur 
in the course of a day In many of the instances the disease was prolonged to three 
or four months, and I give the notes of a case of Bristowe’s in which the condition 
persisted for five months The recurring chills usually led to the diagnosis of 
malaria and also gave rise to the opinion widely held, particularly by French 
writers, that ulcerative endocarditis could be caused by this disease The cases 
to which I wish to call attention in this communication are of this chronic character, 
not marked specially by chills, but by a protracted fever, often not very high but 
from four to twelve months’ duration At the time of the deliver of the Gulstonian 
Lectures I had not seen a case of this type In the past twenty years I have seen 
ten cases of this form, two of which I have already reported (Practitioner, 1893) 

I have put them together in tabular form to indicate their main features 

Following these opening paragraphs Osier proceeds to enumerate 
the types of bacteria which had been found in association with infec- 

1 Read at the Association of Physiaans of Great Britain and Ireland, Edm- 
burgh, June 12, 1908 ” 
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tious endocarditis and mentions specifically “The pneumococcic, the 
gonococcic and the streptococcic forms ” After referrmg to the fre- 
quency with which patients sufiFenng from the “chronic” tjqie of disease 
give a history of old rheumatic lesions of the heart valves he descnbes 
the course of the fever which is such a charactenstic feature of the 
disease 

“ Once established the fever becomes the dominant, and for many months maj 
be the only, sjTnptom This is the most stnling pecuhantj of the cases Week 
after week, month after month, the daily nse of one and a half or two degrees maj 
be the only mdication there is of an existmg mischief In Case 1, m which the 
fever lasted for thirteen months, the patient’s sister, a trained nurse, had decorated 
the room with jards of the temperature charts, fever with an occasional sweat 
were the only symptoms The appetite remamed good and she lost very httle 
w eight There were no embohc features and from month to month there were few, 
if any, changes in the cardiac condition ” 

The chmcal signs referable to the cardiac lesions were matters of 
some sigmficance as the following paragraph illustrates 

“ One of the most stnkmg circumstances is the verj shght change m the 
character of the heart murmur m spite of the fact of most extensiv e vegetations 
and alterations m the valves Thus in the case of Dr R T , with the condition of 
whose heart I had been familiar for fourteen > ears, the comparison between my 
first exammation m 1889 and that m 1893 showed ver> httle change beyond the 
sbghtly greater dislocation outwards of the apes beat In several of the cases the 
absence of anj change m the character of the organ were urged stronglj against 
the existence of endocarditis It is rather remarkable, considenng the anatomical 
changes, that so little alteration may occur m the phj sical signs ” 

After a note concerning the embohc comphcations he goes on to 
describe the celebrated “Osier nodes ” 

“ One of the most interesting features of the disease and one to which very 
httle attention has been paid is the occurrence of ephemeral spots of a painful 
nodular eo’thema, chiefl> m the skm of the hands and feet, the “nodosites cutan6es 
€phemeres” of the French Mv attention was first called to these m the patient 
of Dr IMuUen of Hamilton, whose descnpbon is admirable “The spots came out 
at mtervals as small swollen areas, some the size of a pea, others a centimetre and 
a half m diameter, raised, red, wuth a whitish pomt m the centre I hav e known 
them to pass awav in a few hours, but more commonlv thev last for a daj , or even 
longer The commonest situation is near the tip of the finger, which ma> be 
shghtlv swollen ” Spots of this character occurred m sev en of the cases and m 
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three at least they were of importance m determining the diagnosis Thus in the 
case of Dr Carroll, the well-known American Army Surgeon, the collaborator with 
Dr Reid m the brilliant work upon yellow fever, the presence of these spots ap 
peared to me to clmch the diagnosis They are not beneath but in the skin and 
they are not unlike an ordinary wheal of urticaria In one case they w ere present 
in the skin of the flank I have never seen them haemorrhagic, but always ery 
thematous, sometimes of a very vivid pink hue, with a slightly opaque centre ” 

This IS followed by a discussion concerning the difficulties of diag- 
nosis with a statement regarding the most helpful signs and symptoms 
that may serve as guides 

“ By far the most suggestive features are (1) a knowledge of the existence 
of an old valve lesion This was present m every one of my series (2) The occur 
rence of embolic features, sudden swelling of the spleen, with friction m the left 
flank, sudden attack of haematuria, embolism of the retinal arteries, hemiplegia 
or the blocking of a vessel in one of the limbs (3) The onset of special skin symp 
toms, purpura, and more particularly the painful erythematous nodules to which 
I have referred Present in seven of the ten cases, these are of definite diagnostic 
import They are m all probability caused by minute emboli (4) The progres 
sive cardiac changes, the gradual increase in the dilatation of the heart, the marked 
change m the character of a mitral murmur, the onset of a loud rasping tricuspid 
murmur, or the development under observation of an aortic diastolic bruit With 
carefully made blood-cultures one should now be able to determine the presence of 
the septicaemia This was easily done in three of my more recent cases The 
blood-cultures and the presence of the painful erythematous nodules and the occur 
rence of embolism furnish the most important aids ” 

There follows a short paragraph on the pathological lesions, and 
then an account of the results of bacteriological examinations of the 
blood in these patients 

“ The organisms responsible for this condition have been carefully studied 
In my series cultures were made in six cases In three they were negative In 
two streptococci were present, in one a staphylococcus While, as a rule, this 
condition is much more commonly caused by the streptococcus other organisms 
may be present Thus Fraenkel has reported one mstance of a pneumococcus 
endocarditis persisting for nearly six months (Deutsche med Woch , 1900) Of 
sixteen cases of this chronic form, the clinical course of which extended from four 
to eight months, Harbitz (Deutsche med Woch , 1899) found pneumococci in four, 
streptococci in nine, and in eight other micro-organisms Lenhartz (Deutsche 
med Woch , 1901), who has reported sixteen cases with a duration of from three to 
seven months, found staphylococci and streptococci the common organisms, the 
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penumococcus once and the gonococcus once In the majonU of cases it seems 
to be a mild streptococcus infection, possiblj bv a special form Possiblj in some 
instances there ma> be a special resistance on the part of the host, but these are 
points which must be settled bj future m\ estigations These are cases in which 
the possibihtj of successful -vacane treatment should be considered It was tried 
m two cases of my senes, but in both rather late, and in neither did it seem to ha\ e 
speaal influence Border has treated a case of this chrome tj^ie with a \ acane 
prepared from the patient’s organism, but without success The results m the 
acute forms are discussed by him in the Practitioner, May, 1908 Abstracts of the 
cases are here given ” 

The article ends with a detailed account of each one of the 10 cases, 
two of which had been previously reported in 1893 A table showing 
the essential data in each case is appended and this appears below 

This paper by Osier appeared in the January 1909 number of The 
Quarterly Journal of Mediane, and in the April number of the same 
year, Horder pubhshed his article entitled, “Infectious Endocarditis” 
(12) In this article Horder states that he was stimulated to prepare 
the matenal which he was collecting for pubhcation upon heanng 
Osier’s presentation at the second meeting of the Association of Phy- 
siaans of Great Bntain and Ireland 

The analysis which Horder made of the 150 cases, with the numerous, 
excellent illustrations of pathological lesions was an important con- 
tnbution to the subject He noted the fairly frequent association 
of mfective endocarditis with congemtal cardiac lesions, quoting illus- 
trative cases, drew attention to mycotic aneurysms, and tabulated the 
incidence of mvolvement of the different heart valves With Andrewes 
he had previously reported the bactenological findings in blood cultures 
from a few cases, but in this paper he hsts the results obtained between 
1905 and 1908 in 32 cases In 19 a streptococcus was obtained, in 5 
B influenza, in 3 the pneumococcus, in 1 a gonococcus and in 1, 
staphylococcus albus He emphasizes the frequency with which strep- 
tococa are responsible for the endocarditis, and states that, in 100 cases 
exammed at autopsy at St Bartholomew’s Hospital between 1901 and 
1908, this orgamsm was cultured m 62 instances He also points out 
that the commonest forms of streptococci recovered m culture were 
not the S pjogenes but less virulent vaneties termed “sahxanus,” 
“anginosus” or “faecahs”, and that these orgamsms might be present 
in enormous numbers in the circulating blood 
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He then proceeds to dmde the cases of infective endocarditis into 
5 types (1) Latent infective endocarditis, (2) rulminating infective 
endocarditis, (3) Acute infective endocarditis and (4) Subacute infec- 
tive endocarditis , this, the fourth being the commonest and occurnng 
in 88 of the 150 cases Finally No 5, chronic infective endocarditis 
accounted for 18 of the 150 cases Thus over 70% of the cases be- 
longed to the subacute and chronic groups 
He then discusses the sjmiptoms and signs of the disease, and points 
out m particular the occurence of embohsm, the frequency of splenic 
enlargement, the presence of hemorrhagic renal lesions producing the 
“flea bitten” kidney, the v^aneties of skin eruption encountered •mth 
the diagnostic significance of petechiae, which he found early about 
the neck and upper chest He also alludes to the nodes descnbed by 
Osier 

He makes reference to the retmal lesions, and notes that they may 
be ov'erlooked, for, like petechiae in the skm, they may be transient 
Some space is devoted to the types of fev er encountered, and to the 
other symptoms iihich are now famihar 
In the section devoted to prophylaxis and treatment, he suggests 
that “Oral Sepsis” should receive careful attention, for as he states 
“Reference has been made to the undoubted fact that the source of 
the infecting agent m most cases is the mouth or mtestine ” 

In relation to the treatment of this disease Horder used a long hst 
of drugs without effect, anti-streptococcus serum proved useless, and 
12 cases treated by vacanes, all died He concludes that the disease 
IS almost umformly" fatal Some years later, Horder elaborated this 
entire subject in his Lumhan Lectures (13) 

Though mdividual instances of subacute or chronic cases of bactenal 
endocarditis had been reported before the work of Osier, it is fair to 
saj that his contnbutions together with the paper by Horder estab- 
lished without question the existence of a particular group of infectiv e 
endocarditides, which since then have been the subject of the most 
extensiv e mv'estigations 

The last published commumcation that Osier made upon infective 
endocarditis appears to be the report of a chnic conducted at the Rad- 
chffe Infirmary on October 24, 1911 This paper seems rarely to be 
quoted It is as follow s 
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CHRONIC INFECTIOUS ENDOCARDITIS, WITH AN EARLY 
HISTORY LIKE SPLENIC ANEMIA (14) 

By Sir William Osler, Bart, M D , of Oxford 

Regtiis Professor of Medtctne, Oxford Vmverstly 

“Clinical Remarks at the Raddiffe Infirmary” October 24, 1911 
(Interstate Med J 1912,19,103 St Louis, Mo) 

The subject for this clinic was a man of 33 who was sent into the 
wards in May by Dr Waters with purpura, anemia and a greatly en- 
larged spleen He had fever The patient was thought to have 
splenic anemia, but in August he developed a well marked aortic sys- 
tolic murmur and later a tender, painful swelling m the left groin which 
was considered to be an aneurysm Osier then says, 

“These features, of course, put an entirely different construction on the case’ 
and It was evident that he had an mfectious endocarditis Cultures were made 
from the blood by Dr Gibson, from which have grown a streptococcus which has 
the character of the form described by Libman in connection with these cases I 
must say that this sequence of events was quite outside my experience, but there 
are one or two similar cases in the hterature Only the other day Dr Parkes 
Weber, into whose clinical net come all sorts of peculiar and instructive cases, sent 
me a paper in which is described a case of malignant endocarditis, the early features 
of which resemble those of splemc anemia * 

After descnbing the autopsy at which extensive vegetations were 
found on the aortic valves and drawing attention again to the promi- 
nent enlargement of the spleen, he concludes by enumerating the im- 
portant features of this type of infective endocarditis They are listed 
as 


“1 Chronicity 

2 Latency 

3 Fever of the so called septic type 

4 Embolic attacks 

5 Ephemeral Cutaneous nodes 

6 Blood cultures 

7. Lastly the endocarditis is pathologically unlike the ordinary ulcerative 
form” 


* British Journal of Dermatology February 1910 
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Though some enlargement of the spleen is common in subacute 
baclenal endocarditis, it is only the occasional case, and usually dur- 
ing the bactena free stage, as Libman (IS) has emphasized, that this 
organ attains very great size The case reported by Osier is one of 
the earliest on record, in which great enlargement of the spleen was 
combined with bacteraemia 

There is no intention of reviewmg the vast literature on subacute or 
chronic bactenal endocarditis, for this has been done recentl}’- by Lib- 
man, (15) who gives 226 references to papers on this subject The 
auTi of this study is to follow through Osier’s contributions, his gradual 
realization that there was a form of infective endocarditis that could 
be distinguished by its symptoms, by its signs and by the duration of 
the illness from the acute vanety of the disease This concept culmi- 
nated in his paper pubhshed in 1909, and was almost immediately sub- 
stantiated by the pubhcation of Horder’s elaborate investigations 
Dunng the next year Schottmuller (16) added still further evidence 
to support this conclusion, by his descnption of cases of what he termed 
“Endocarditis Lenta ’’ These, he discovered, were caused by strepto- 
coccus xnndans The disease soon became famihar in this country 
through the work of Libman (17, 18, 19) who, in addition to other ob- 
servations reported the occurrence of cases in a so called “bactenae 
free stage ” Loehlein (20) described in detail the form of hemorrhagic 
nephntis that is related to subacute bactenal endocarditis Baehr (2 1 , 
22) made careful studies of the renal lesions in subacute bacterial en- 
docarditis and found that a diffuse glomerulur nephntis was most apt 
to occur in those patients who died m the bactena free stage of the 
disease 

The literature on subacute bactenal endocarditis accumulated so 
rapidl} that Debre (23) in 1919 collected sufficient matenal for a re- 
new of the subject which was elaborated still further by Blumer (24) 
in 1923, whose article forms the basis of our information on the sub- 
ject up to that time Libman stated in 1918 that he had seen 300 
cases 

It seems surpnsing that up to this time almost no mention had been 
made in the general hterature of the clubbed fingers that so often 
appear dunng the course of the disease As early as 1912 Major (25) 
mentions this sign which was recorded in the histones of 3 of 6 cases of 
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subacute bactenal endocarditis amongst 15 probable cases occurring 
in The Johns Hopkins Hospital He also noted that though patients 
might have negative blood cultures dunng hfe, culture from the veg- 
etations on the heart valves at autopsy, yielded streptococci Cotton 
(26) had noted the presence of clubbed fingers in 1920 and pubhshed 
a more elaborate study of this condition in his cases of subacute 
bactenal endocarditis in 1922 (27) In a survey of 721 cases of val- 
vular disease occurnng m Lewis’ Chnic he found that 63 patients had 
clubbing of the fingers Of these 63 cases, 44 or 70% had the signs 
and symptoms of chronic infective endocarditis Sometime later 
Blumer (28) though he had omitted to mention the subject in his re- 
view, reported similar cases and in addition descnbed the sphnter-like 
hemorrhages beneath the finger nails 

Osier’s early observations on the occurrence of infectious endocar- 
ditis in patients with malformed aortic valves, most of which he con- 
sidered to be congenital defects, have already been quoted in some de- 
tail, but his paper seems to have attracted httle attention That the 
matter is one of importance has been pointed out by Lewis and Grant 
(29, 30) in their classical papers on the subject Indeed as was shown 
by Abbot (7) somewhat later, other congenital malformations of the 
heart such as patent ductus arteriosus, as was recorded by Robinson 
(31) in 1905, and patent interventncular septum, may form a mdus 
for engrafted bactenal infections These papers are of considerable 
significance in relation to the general conclusions that subacute bacte- 
rial endocarditis does not usually affect the aortic valves in syphihtic 
aortitis (32) although as Grant (33) has found in his elaborate analysis 
of 1000 men suffenng from heart disease, subacute bactenal endocardi- 
tis occurred in non-sjqihihtic disease of the aortic valves much more 
frequently than in any other group, a fact which also appears in Osier’s 
papers In the entire lot of 1000 men, subacute bactenal endocarditis 
on one or another valve, was present or developed dunng the 10 year 
penod in 12% 

As will be pointed out later, the realization that subacute bactenal 
endocarditis may be engrafted upon congenital cardiac defects is sig- 
nificant m relations to the introduction of operative measures m an 
effort to cure those cases in which a patent ductus artenosus is affected 

It IS desirable to draw particular attention to Thayer’s (34, 35) ex- 
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tensi\ e m'v estigations upon mfectii. e endocarditis since these come as a 
sequel, so to speak, at The Johns Hopkins Hospital to the earlier 
studies of Osier and as Osier s experiences in Montreal formed the 
basis for his Gulstonion Lectures, so Tha\ er s rexiew of the cases m 
Baltunore furnished the matenal for his Gibson Lectures in Edmburgh 
m 1930 Thaj er was able to collect and anah'se the records of 306 

carefullj studied cases of infectixe endocarditis that had been ad- 
mitted to The Johns Hopkins Hospital during a penod of 40 > ears, or 
which he had seen m pn\-ate practice To these he added 232 cases 
recorded m the hterature, making a total of 53S cases of the disease 
He classified his cases accordmg to the etiologx , and defines subacute 
streptococcal endocarditis as one phase of the entire group in which 
streptococa of all x'aneties were the etiological agents This organism 
he foimd was the cause of mfectixe endocarditis in 62 5 % of the 536 
recorded cases He pomted out that B influenza always, and B hemo- 
I>-tic streptococa sometimes, ga\e nse to a climcal picture indistin- 
guishable from that produced b\ the different strains of streptococcus 
vindans which organism, with these exceptions was inx-anablj the 
cause of the subacute or chronic form of bactenal endocarditis In 
this latter group, pericarditis is rare compared to its madence m acute 
rheumatic fever and pneumococcus endocarditis He further made 
the observation that of 84 cases of the subacute vancty of streptococcal 
endocarditis in which notes as to the condition of the teeth had been 
made, pendental infection was present in 54, and that in several pa- 
tients the onset of the maladv could be dircctlv traced to an operation 
on the faaal smuses the tonsils or the extraction of teeth 
These latter statements are in accord with previous references to 
the connection of oral sepsis as a portal of entrv* for streptococa in 
subacute bactenal endocarditis, a relationship which is now known to 
be of great frequency and importance This w as emphasized bv Weiss 

(36) who suggested from his studj of 364 cases that foci of mfection 
due to streptococci in the mouth and upper respiratorv tract were com- 
mon sources of entrv for these organisms in this disease He reported 
10 cases m which a historv of tonsiUectomj or the extraction of a tooth 
dosel} antedated the onset of svmptoms These suspicions received 
unquestionable support through the mv estigations of OKell and Elhott 

(37) These authors found that blood cultures from 13S patients un- 
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dergoing operation for extraction of teeth made within 5 minutes after 
extraction gave a growth of streptococcus viridans in 84 instances, or 
in 60 9% Of 40 cases in which there was marked gum disease, neces- 
sitating multiple extractions, there were positive cultures in 30, or 
75%, and in 38 patients even wuthout detectable gum disease, extrac- 
tion of one or more teeth resulted in positive blood cultures in 12 or 
over 31% The implication of these investigations is obvious They 
have been confirmed (38) and have formed the basis for the necessity of 
prophylactic treatment m all such operative proceedures, but particu- 
larly in patients with valvular heart disease Though the sulfon- 
amides, as will be pointed out later have been of little value, penicilhn 
has proven very effective 

Ever since subacute bacterial endocarditis was estabhshed as a chni- 
cal entity, every conceivable method of treatment that could be de- 
vised has been employed Only recently has any substantial benefit 
been accomphshed Thus White (39) states that there was only one 
recovery in 250 well authenticated cases treated by every means known 
in the Boston Hospitals during 15 years prior to 1939 Though the 
disease has been considered almost uniformly fatal, a few spontaneous 
recovenes have been reported (40) The percentage of such recovenes 
calculated from the reports of long senes has been given as from 1% 
to 3% of cases (41) Libman (42) reported 4 spontaneous recovenes 
in a senes of 150 cases, but Lichtman and Bierman (43) who collected 
the data on 634 cases found only 6 recovenes or an incidence of 1% 

When the sulfonamides were introduced for the treatment of in- 
fections due especially to certain gram positive bacteria, great hopes 
were entertained that one or another of these drugs would prove effi- 
cacious in the treatment of subacute bacterial endocarditis due to 
streptococcus vindans Dunng the first few years of these trials, cases 
were reported in which there was, for a time, considerable improve- 
ment, but relapse was generally the rule, and it soon became evident, 
that, even with such adjuvants as hirudin, introduced by Kelson and 
White (44, 45), or hyperthermia, the total mortality was not very 
greatly reduced For instance Lichtman and Bierman (43) give in 
their collected statistics a recovery rate in 198 cases of 6% for chemo- 
therapy alone, and in 88 cases a recovery rate of 16% for chemotherapy 
combined with hirudin or hyperthermia m some form In a review 
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of these forms of chemotherapy, Hunter (46) states that “at best 10% 
of recoveries were reported with sulfonamides alone, although, in some 
s m a ll senes, 25% cures occurred when fever therapy was employed m 
addition ” 

During this penod of chemotherapy an entirely new and different 
approach to the problem of therapy vas introduced This consisted 
in the ligation, by operative proceedures, of the ductus artenosus in 
patients m whom tins structure vas the seat of subacute bactenal 
endocarditis Touroff (47) who was active m this field, reported in 
1940 what seemed to be a cure of 5 cases by this method The next 
year he pubhshed (48) the results which he had obtained in 1 1 cases 
Two patients died of operative hemorrhage Of the nine sumvors 6 
recovered from the infection without benefit of chemotherapy Of the 
3 successful results, at least 2 patients presented evidence of involve- 
ment of the valves of the heart as well as of the patent ductus arter- 
iosus 

In this connection reference must be made to the remarkable case 
descnbed much earher by Hamman and Rienhoff (49) in which strep- 
tococcus vindans septicaemia w'as cured by the resection of an infected 
arteno-venous aneurysm between the external iliac arterj”^ and vein 

What appears to be, up to the present time, the final chapter in the 
treatment of subacute bacterial endocarditis, came with the introduc- 
tion of penicillin This antibiotic has proven to be higlily effective 
The recent papers by Hunter(46), by Favour, Janeway and their as- 
sociates (50), and by Hernng and Davis (51) furnish information con- 
cerning vanous aspects of this important subject Hunter’s results 
were highly successful Of 49 patients treated at the Presbytenan 
Hospital in New York, 90% w’ere cured of their infection As 4 of 
these patients died later of causes unrelated to the infection, the actual 
recovenes amounted to 83% He makes the point that enormous 
amounts of penicillin are required to control the infection when this 
is caused by a relatively resistant strain of streptococci In one 
patient, 20,000,000 00 units a day for 16 days was required and in an- 
other patient 10,000,000 00 units in constant dnp for 3 weeks Favour 
et al (50) record the results of treatment by penicillin in 17 cases, in 
1 1 of which the infection was cured or arrested, and Hernng and Da- 
vis (51) record 18 cases in which the infection was arrested in 13 Of 
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the 18 patients only 10 were alive and well, however, after one year or 
more The figures given for these three series afford some idea of the 
differences in the number of “cures” reported by various observers 
Libman (15) states that the administration of pemciUm to 103 cases, 
reported by 6 groups of workers resulted in the cure of infection in 107 
or 81 7% Herring and Davis (51) conclude from an analysis of the 
literature that an average of 75% of cases have been cured by penicil- 
lin therapy 

The most comprehensive study of this entire problem has been made 
by Anderson and Keefer (52) who have analysed elaborately in their 
monograph the results of treatment by penicilhn m 690 cases of Bac- 
terial Endocarditis Non-heamolytic streptococci were the cause of 
endocarditis in 457 of these patients Arrest of the infection occurred 
m 282 instances or in 62% of cases Temporary improvement occur- 
red in 25 patients or 5 3%, the result was indetenmnate m 3 or 0 7% 
and 147 or 32% died dunng treatment The greatest number of 
deaths in the fatal group were due to primary infection, congestive 
heart failure and to cerebral embohsm in order of frequency These 
three conditions were responsible for death in 108 of the 147 fatah- 
ties 

It would involve an extensive discussion of the methods of adminis- 
tration of penicilhn and the relative resistance of the mfectmg organ- 
ism among other factors to explain why the mfection was not con- 
trolled in some cases, a problem that is beyond the scope of this paper, 
but it IS necessary to add a word concermng the fatal outcome m those 
patients in whom it has been shown by autopsy that the infection it- 
self has healed completely There appear to be at least 2 conditions 
that account for these deaths following recovery from the mfection 
One of these, as pomted out by Bloomfield (52), and considered re- 
cently by Rapoport and EUis (53), is progressive and uncontrollable 
cardiac failure, due supposedly to extensive mjury or destruction of 
one or another of the heart valves, the other is cerebral embolus Both 
of these comphcations have been frequently noted by many wnters 
and both at the present time appear usually to be unpredictable and 
unfortunately unavoidable It has been suggested, however, that if 
treatment by penicillin is instituted early in the disease the danger of 
subsequent cardiac failure may be lessened 

It rarely happens that one can trace through scarcely more than 
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half a century the development of knowledge concerning a disease 
from its earliest definition through its recognition as a comparatively 
common clinical entity, which was almost uniformly fatal, to the dis- 
covery of its etiological agent or agents, wnth subsequent means of 
cure in at least 75% of cases But so it is vath subacute bactenal 
endocarditis This is a disease w'lth which Osier’s name wall always 
be associated, for his acute observations v ent far in establishing it as 
a climcal entity, and m stimulating interest in a condition that was 
difficult of diagnosis and practically resistant to all forms of treatment 
dunng his life time 

The sequence of events leading finall} to an effective treatment of 
the disease, are illustrative of the astonishing advances that have been 
made m man}' fields of medicine during the last quarter of a centur}' 
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THE CLINICAL COURSE OF DISSEMINATED LUPUS 
ERYTHEMATOSUS 

An Evaluation of Osler’s Contributions 

PHILIP A TUMULTY and A McGEHEE HARVEY 
From the Department of Medtctne, Johns Eopktns University, Baltimore 

The subject of ulcerative endocarditis formed the thesis of Dr 
Osier’s Gulstonian Lectures m 1885 He began them as follows 
“It IS of use from time to tune to take stock, so to speak, of our knowl- 
edge of a particular disease, to see exactly where we stand in regard to 
it, to inquire to what conclusions the accumulated facts seem to pomt 
and to ascertam in what direction we may look for fruitful investiga- 
tions m the future ” 

In such spint we have undertaken this study of lupus erythematosus 
dissemmatus, a disease to which Dr Osier contnbuted such brilliant 
thought m a series of articles on “The Visceral Complications of 
Erythema Exudativum Multiforme,” published between 1895 and 
1903 (1-3) 

None of Osier’s cases was studied by morphological techniques, and 
some may not have had disseminated lupus erythematosus Perhaps 
his emphasis on the prominence of abdominal symptoms has not been 
borne out by subsequent experience However, it was Osier who first 
emphasized the fundamental concept that the alterations occurnng 
in the skm of patients with this disease had their counterpart m the 
internal organs The chnical genius of Dr Osier could not be better 
exemplified than by the following descnption of the visceral compUca- 
tions of erythema exudativum multiforme which he wrote m his first 
article on this subject pubhshed in December, 1895, at a time when 
there was no knowledge of the pathological changes in this disease 

“By exudative erythema is understood a disease of unknown etiology with 
polymorphic skm lesions — ^hyperemia, edema, and hemorrhage — arthritis occa- 
sionally, and a variable number of visceral manifestations, of which the most 
important are gastro-mtestmal crises, endocarditis, pericarditis, acute nephntis 
and hemorrhage from the mucous surfaces Recurrence is a special feature of the 
disease and attacks may come on month after month or even throughout a long 
period of years Variability m skm lesions is the rule, and a case may present m 
one attack the features of an angioneurotic edema, m a second of a multiforme or 
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VISCEBAL LESIONS 


THE ERYTHEMA GROUP. 

By WILLIAM OSLER, M D , F.R S , 

Prpfeeior of Mtdictnt, Jdhm Hoplint Ifnwerttly 


1h December, 1895 ,t I pubhohcd a senes of elexen cases charae- 
fensed by— 

I Poljmorpbous sbin lesions (a) acute circumscnbed oedema, 
(b) uiticana, (c) purpura, and (d) ordinary exudatne erythema 

II Polymorphous visceral lesions (a) local serous or litemoi rlngic 
exudate m the walls of stomach or bowels, causing (1) crises of pain 
and (2) hamorrhages, (W acute nephritis, and (c) certain raie 
pulmonary and other lesions 

III Infiltration of sjnovial sheaths, pen aiticulai tissues, and 

would ha\e been betUr.as some of my dermatological fnends 
SURgested. not to base descubed the cases under the name eothema 
eitivum multiforme, the term which has been used to designs e 
the so called puie type of polymorphous erythema but it was leally 
veiydifficult to find a name underwhich to group the cases Dulning 
bifl^snoGested that the majority of them should be legauled as 
has s”ee®® ® eijtljema, but in only Cases G, 7, and 11 was 

a the sole lesion, while in tlie remaining cases there was 
t oror hiemonha^ or both), with swelling 
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nodosum erythema, and m a third those of peliosis rheumatica The attacks ma> 
not be characterized by skin manifestations, the visceral symptoms may be present, 
and to the outward view the patient may have no mdications whatever of er>- 
thema exudativum Of the eleven cases here reported the visceral manifestations 
were as follows In all gastro-mtestmal crises, colic, usually with vomitmg and 
diarrhea, five had acute nephntis, which m two cases was followed by general 
anasarca and death, hematuna was present m three cases, hemorrhage occurred 
from the bowels m three cases, from the stomach m two cases, from the lungs in 
two cases, from the nose m three cases, one patient had spongy and bleedmg gums, 
two cases presented enlargement of the spleen, m one case there were recurnng 
attacks of cough and bronchitis without fever, m one case there was a heart mur- 
mur Five of the cases had swellmg about and pain m the jomts The re- 
markable tendency to recur is a feature of all forms of evudative erythema It 
will be noted that of the cases here reported m onlj one was the attack smgle 
In the others there were multiple outbreaks distributed over penods rangmg from 
two months to eight years A remarkable circumstance, which I had not 
seen mentioned m the literature, is the recurrence of severe attacks without cu- 
taneous manifestations In the first two cases, which are at present under ob- 
servation, one would not for a moment suspect the true nature of the disease from 
the existmg manifestations, which are entirel> visceral ” 

In his third article pubhshed m 1903, he analyzed his total senes of 
twenty-nine cases In addition to the visceral manifestations which he 
had previously descnbed he added two cases with central nervous 
system symptoms, in one, active dehnum at the time of recurnng 
attacks, while in the other there were five or sue attacks of aphasia and 
hemiplegia with cerebral and cutaneous manifestations lasting over a 
period of fourteen years He states that it is not improbable that 
these transient attacks were due to vascular changes in the brain, 
the counterpart of these occurnng in the skin In descnbing the 
respiratory manifestations he cites one case in which there was pro- 
tracted pneumonia following directly upon a severe attack of evudative 
erythema He states that it is likely that the recurnng skm lesions, 
the pneumoma, the general glandular enlargement, and the fatal 
nephntis were due to one and the same cause In reference to the 
cardiac manifestations. Osier stated that he had seen only one case 
of acute endocarditis, but that there were a good many such instances 
descnbed m the hterature Three of the cases in his series had heart 
murmurs and one had pencarditis occurrmg as a terminal event In 
fourteen of his cases there was an acute nephntis, indicated by albumin 
and numerous tubular casts and m seven cases hematuna The 
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seriousness of the nephritis was emphasized by the fact that five of the 
seven patients died with uremia Arthritis or arthritic pains were 
present m seventeen cases The joint lesions were slight, as a rule, 
and m no case was there a severe polyarthritis In many cases there 
were hemorrhages from the mucous membranes, including epistaxis, 
blood m the stools and in the urine In one case the final symptoms 
were those of severe purpura hemorrhagica after outbreaks of urticaria 
for many years 

Some of the details of these manifestations so clearly described by 
Osier have been filled in since the publication of his article, and much 
progress has been made in recognizing the morphological lesions 
characteristic of this disease However, until some certam diagnostic 
method is at hand the broader aspects of its chmcal manifestations 
will remain incomplete Many who have subsequently reported 
similar cases have not pointed out the significance of Osier’s contribu- 
tion In 1924, Libman and Sacks (4) described four cases under the 
title “A Hitherto Undescnbed Form of Valvular and Mural Endo- 
carditis” All showed the same distinctive clinical picture, two with 
and two without skin manifestations, and all had a form of endocarditis 
which they designated as atjqncal verrucous endocarditis Dr 
Libman stated that this demonstrated that the clinical picture first 
described by Kaposi (5) and amplified by later observers may occur m 
the absence of any eruption This fact had been clearly pointed out 
some thirty years ago by Dr Osier The subsequent contribution 
of Gross (6), m describing the pecuhar histological changes of so-called 
atypical verrucous endocarditis m the endocardium and pericardium 
of the majority of cases of lupus erythematosus unaccompanied by a 
macroscopic endocarditis, did much to clarify the whole subject A 
large series of cases was presented by Baehr, Klemperer and Schifrm 
(7) in 1935 under the title “A Diffuse Disease of the Peripheral Circula- 
tion (Usually Associated with Lupus Erythematosus) ” They 
described the widespread vascular lesions and believed that the disease 
had a vascular origin In 1936, Friedberg, Gross and Wallach (8) 
described cases under the title “Non-Bacterial Thrombotic Endocardi- 
tis Associated with Prolonged Fever, Arthritis, Inflammation of Serous 
Membranes and Widespread Vascular Lesions” These appear to be 
instances of lupus erythematosus disseminatus without skin lesions, a 
condition which was clearly recognized by Osier 
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Klemperer, Pollack and Baehr (9) descnbed the pathologj" of dis- 
seminated lupus erjdliematosus in 1941 They stated that the 
characteristic organic changes, pre\aously considered as heterogeneous, 
could be understood as local manifestations of the widespread damage 
of collagen tissue, and that lupus erjThematosus could no longer be 
regarded as a disease with predominant localization in a single organ 
or as a diffuse disease of the peripheral circulation In a subsequent 
paper (10) they pointed out the fallacy of considering diseases in nhich 
alterations in collagen tissues predominate, such as rheumatic fever, 
disseminated lupus erythematosus, scleroderma and allergic states, as 
being necessanl}'^ related etiologically The) suggest that a derange- 
ment of the colloidal state of the entire collagenous tissue system may 
e\ist Such a derangement ma)’' have a variety of causes 

THE CLINICAL JIANIFESTATIONS OF DISSEMINATED LUPUS 
ERTTIIEMATOSUS 

It IS appropriate to rcMew the current status of the knowledge of 
the clinical picture of this disease s) ndrome This analysis is based 
on a series of thirty-two cases seen in this hospital in recent years, m 
all of whom the diagnosis was proved by pathological examination 

It has frequently been emphasized that this disease occurs pre- 
dominantly in females m the age group from ten to thirty In the 
largest previously reported senes, that of Baehr, Klemperer, and 
Schifnn (7), there were twenty-two females and only one male Xme 
of the patients w^ere betw een ten and tw'enty years of age and nine w ere 
between tw^enty-one and thirty In the present series there were ten 
males and twenty-two females Twenty-five of the patients were 
white and seven colored The age distnbution was as follows one 
to ten — 1, eleven to twenty — 7, twenty-one to thirty — 3, thirt3"-one to 
fort}^ — 12, forty-one to fifty — 5, fifty-one to sixty — 2, sixty-one to 
seventy — 2 

Of these thirty-two patients six were still Imng at the time of the 
last observation and twenty-six had died The ax’-erage duration 
of the disease from the onset of the first sjmiptoms to death w as four 
years and four months 

In view' of the difficulty in making this diagnosis when the charac- 
teristic skin manifestations are not present, it is of some interest to 
see w'hat the initial manifestations were in this senes of patients 
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Most prominent were joint manifestations which formed the initial 
complaint in seventeen patients In fifteen of these there were 
objective findings and the other two complained of arthralgia A 
characteristic skin eruption was the first finding in thirteen of the 
patients In si\ there was unexplained fever and a complaint of 
weakness Weight loss, gastro-intestmal disturbances and hemor- 
rhagic phenomena were present m three 

If one now considers the incidence and type of the various manifes- 
tations during the entire course of the disease, the complexity of the 
clinical picture becomes more evident Fever was a constant mani- 
festation in the active stage Several of the patients had high un- 
explained fever as the sole clinical manifestation, and only at autopsy 
was the definite cause of the fever explained Elevation in tempera- 
ture of a significant degree which could not be accounted for other 
than as a manifestation of this disease was recorded at some stage in 
thirty of the cases Chilly sensations were frequently noted by the 
patient during the febrile periods 

Twenty-seven of the thirty-two patients complained of pain in many 
joints during the course of the illness The joint pains were often 
migratory, and occurred m episodes not infrequently separated by 
many months or even years In many instances the changes led to 
deformity, sometimes anklyosis, and quite frequently muscle atrophy 
and contractures A diagnosis of typical rheumatoid arthritis was 
often made Generally there were objective changes in the joints 
including local heat, redness, and swelling, but, occasionally, although 
the patients complained bitterly of arthralgia, little was found on 
examination 

The arthritic changes may occur early before skin or other viscera] 
manifestations appear This is well illustrated by the following case 
summaries 

Case 1 (JHH 44134S), a forty-six year old white woman, who six years before 
death developed pain localized to the knees, ankles, shoulders, elbows, ivrists and 
fingers Pain was accompanied by swelling of the involved joints with redness 
These manifestations fluctuated in intensity Three years before death she re- 
ceived two injections of gold which were followed by no untoward manifestations 
Six months before death, at a time w'hen she was free of any acute joint manifes- 
tations, but did have flexion contractures of both elbows and limitation of motion 
of the fingers, she developed anorexia and generalized fatigue Following this 
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there \\as rapid loss o! ri eight and the onset of an irregular fe\er with occasional 
chillv sensations Three months before death she uas admitted to a hospital for 
stud> ^^here she v.as found to ha\e a se\ere anemia and leukopenia for nhich no 
cause could be found At this time she complamed of mtermittent episodes of 
serere epigastric discomfort, but radiological esammation reiealed no organic 
gastro-intestmal lesions One month before death, on admission to this hospital, 
she had a temperature of 100 4, pulse rate of 110 She was \er\ emaciated and 
quite n eak There n as definite general glandular enlargement T\’pical findmgs 
of rheumatoid arthritis nith ulnar deaiation of the fingers a\ere described, and 
there nas a sclerodermatous appearance to the skin with atrophj of the muscles 
surrounding the joints There was also some generalized muscular atropha 
Shallow ulcers were seen on the soft palate The heart was slightl\ enlarged to 
the left The aortic second sound was accentuated, and there was a systolic mur- 
mur at the base To the left of the sternum there w as a pericardial friction rub 
A protodiastolic gallop rhr thm w as heard at the ape\ The h\ er edge extended 
two fingerbreadths below the costal margin During the next month she had a 
fluctuatmg fever mth temperature rismg to 101 or 102°F each dav Four davs 
before death she had a Jacksonian type of convoilsion with deviation of the eves 
to the left, winkmg of the lid, facial twitching and clonic movements of the left 
arm and leg There w ere numerous such episodes from that time until her death 
She became comatose, and there was paresis of the left side of the bod> Labo- 
ratorv examinations rev ealed red blood count 2 3 million, hemoglobm 8 grams, 
white blood count 3 7 thousand with 18% mvelocvtes, 6% juveniles, 19% polv- 
morphonuclear cells, 53% Ijmphocytes, 4% monocvtes Stool exammation 
show ed a positiv e quaiac test for blood Examination of the urme w as normal 
At autopsj' the classical lesions of lupus erv thematosus w ere found Histological 
examination revealed hvalme necrosis of collagen with overlving fibrmous throm- 
bus at the base of the mitral valve, foci of collagen degeneration with associated 
mfiammatorv' cells m the m\ ocardium and about the esophagus, periarterial fibrosis 
in the spleen and hvalme masses m mam glomeruli, organized and fresh pleuritis 
and pericarditis, anaphv lactoid tv’pe of pneumonitis, fibrinoid degeneration of the 
walls of the arteries in the stomach and bladder with aneurvsm formation (Fig 1), 
intracerebral and subdural hemorrhage in the region of the left occipital lobe (Fig 
2) During the course of this patient’s illness there acre neier anv cutaneous lesions 

Case 2 (JHH 248475), a thirtv-five V ear old colored male entered the hospital 
three v ears before death because of a polv arthritis accompanied bv v omitmg, chills 
and fever Ev erv one who saw the patient made the diagnosis of rheumatoid 
arthritis The white cell count was 3,440 and the hemoglobin was 115 grams 
Differential count showed 5% mv elocj tes, 21% juv eniles, 38% adult poljmorpho- 
nuclears, 1% basophiles, 23% hmphocvtes 12% monocvtes The patient was 
followed m the Arthritis Clinic for manj months where treatment with gold was 
giv en It w as noted at the start of treatment that the total serum protein lev el 
was 8 78 grams, with a globuhn Wei of 5 59 grams He received a total of 12 
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Fig 1 Fibrinoid Degeneration in Wall of a Gastric Artery toth Aneur\sm 
Formation (Case 1) Autopsy 20921 



Fig 2 Intracerebral hemorrhage (Case 1) Probably secondary to lesions of 
the cerebral arteries similar to that seen in Figure 1 Autopsy 20921 
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weeUy injections of gold at the end of \shich tune his joint manifestations had 
subsided, and the patient did not return for observation Five months before 
death he began to lose weight and noted the onset of anorexia, night sweats, pains 
in the ankles and wrists and bleedmg from the gums One month before death 
he developed pam in the left low er quadrant, had a chi ll and began to v omit A 
short w-hile later he developed a pleuritic type pam m the left chest On exami- 
nation three weeks before death the temperature was 99 6, pulse 120, respirations 
30, blood pressure 210/155 The patient was very emaciated and looked chron- 
ically ill There were numerous round hght colored maculae ov er the legs There 
was fusiform swellin g of the phalangeal jomts, limitation of motion and some 
deformity of both wnsts The eyelids were quite swollen, and the tissues over 
the eye ball were very red and edematous Exammation of the retma showed 
many exudates and numerous hemorrhages The heart was shghtlv enlarged to 
the left There was a soft apical systolic murmur The hver and spleen were 
not palpable Laboratory exammations revealed hemoglobm 13 grams, white 
blood count 5,900 The unne showed a specific gravity of 1020 with 4-h albumm, 
occasional red blood cells and white blood cells and 2 to 3 hyalm and granular 
casts per high power field X-rays of the hands and feet showed the changes 
seen m chrome rheumatoid arthritis Blood non-protem mtrogen was 50 Total 
serum protem was 8 38 with 5 07 grams of globulm A week before death there 
was a very rapid mcrease m the size of the heart and the pulsations w ere noted 
to be rather feeble Fluoroscopic exammation revealed a cardiac outime com- 
patible with the presence of a pencardial effusion The patient ran an irregular 
fever durmg the three weeks before death Ophthalmoscopic exammation re- 
vealed thrombosis of the nght central retinal vem The patient contmued to 
have attacks of abdommal pam Autopsy exammation revealed the typical lesions 
of lupus ery^thematosus There were onion-skm lesions about the splemc arte- 
rioles Fibrmous pencarditis was found as well as a fibrinous pleurisy There 
were hemorrhages m the pleura, endocardium and quadriceps muscle 

Cutaneous lesions appeared durmg some phase of the illness m 
twenty-six patients Weakness, weight loss and easy fatigabihty 
were frequently associated sjunptoms In addition to the charac- 
teristic erythematous eruptions encountered it should be noted that 
m SIX mdividuals purpunc mamfestations were the central feature 
In two patients cutaneous pigmentation only was noted, and urticana 
was the predommant type of lesion in another It should be stressed 
that the lesions were not confined to the skin In ten of the thirty- 
two patients ulcerative lesions of the oral mucous membranes were 
observed 

A significant degree of generalized lymphadenopathy was desenbed 
m sixteen of the patients In addition, there was locahzed glandular 
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enlargement in another six, usually mvolvmg the axillary and cervical 
glands In the remaining ten patients no significant alteration in the 
size of the lymph nodes was described Occasionally the lymphadenop- 
athy was prommant enough to suggest the possibility of some type of 
lymphoma 

The analysis of the renal manifestations m this group of cases 
who died and came to autopsy bnngs out certain points of interest 
In two patients there were no renal manifestations during hfe and no 
lesions of lupus erythematosus were found m the kidneys In one in- 
stance chmcal examination was entirely normal, but the classical 
lesions were found in the kidneys at autopsy Twelve of the patients 
had an abnormal urinary sediment with abnormal renal function and 
the only kidney abnormahties found at autopsy were due to lupus 
erythematosus In seven instances an abnormal urinary sediment 
was described during hfe but renal function tests were entirely normal, 
and m all instances the renal manifestations of lupus erythematosus 
were the only histological abnormahties found Eight patients 
developed a significant degree of azotenua for which no basis could be 
found other than the lesions of lupus erythematosus in the kidneys 
The other patient had multiple renal abscesses Only four patients 
in the entire group had a significant degree of hypertension In two 
of these the only renal lesions found at autopsy were those of lupus 
erythematosus In one patient the kidneys were entirely normal on 
histological examination, and in the other the only abnormahties 
were those produced by arteno- and arteriolosclerosis with no changes 
characteristic of disseminated lupus being found 

The occurrence of pulmonary manifestations during the course of 
lupus erythematosus has been repeatedly emphasized In mneteen of 
the thirty-two cases m the present series there were chmcal evidences 
of pulmonary involvement at some time during their course Clinical 
evidence of pneumonia was a very common finding, particularly m the 
terminal stages, and was often thought to be part of the picture of 
lupus erythematosus However, m only three cases were the classical 
lesions of this disease found at autopsy In most instances the pneu- 
monia was lobular m distribution and of bacterial origin In one case 
there was a bilateral empyema and in another a pyogenic lung abscess 
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Two cases showed active pulmonary tuberculosis v ith ca\ntation In 
one of the patients with pulmonary lesions due to lupus erythematosus 
physical examination of the chest showed nothing remarkable X-ray 
study revealed a non-tuberculous t)^e of infiltration throughout both 
lung fields (Fig 4) At autopsy Dr Rich reported the presence of 
typical lesions of lupus erythematosus m the lungs, and no other 
pathological abnormahties were present In another case, examination 
revealed transient medium and coarse rales m various areas of both 
lung fields posteriorly X-ray examination showed an increase in 
hilar markings spreading out into both lung fields suggesting either 
infection or congestive change At autopsy the findmgs of “anaphyl- 
actoid or rheumatic pneumonia” were described, and there was no 
evidence of any bactenal invasion In the other instance there w as no 
suggestion on physical examination or by x-ra}"- of any abnormality in 
the lungs At autops}'^ x^ery small, scattered areas w^ere seen in which 
the typical lesions of lupus erjAhematosus disseminatus were de- 
scribed 

Osier pointed out that the course of the pneumonic manifestations 
might be very protracted Rakox’’ and Taylor (11) reported a case 
xvithout cutaneous manifestations in which persistent signs of con- 
solidation of the lungs xxere the most prominent feature of the clinical 
course, persisting from early after onset of symptoms until death eight 
months later 

Inx^olx'^ement of the vanous serous membranes has been descnbed 
as a common clinical feature of this disease Nine of these patients had 
a fibrinous pericarditis, xx^hile in three there xx^as, m addition, a small 
effusion The shape of the cardiac silhouette xvas charactenstic, but 
the degree of effusion was nex’-er sufficient to produce any clinical 
evidence of cardiac tamponade In eleven patients pleuntis w as dis- 
covered at autopsy, free fluid xvas present in almost half of these cases, 
in certain instances being large m amount and bilateral In no in- 
stance was there ascites in the absence of generalized edema Two 
patients had clinical evidence of pentoneal irritation This led to the 
impression in one that the patient had an acute abdominal condition 
requiring surgery, but operation revealed only tissue edema Lxudence 
of involx’^ement of the pentoneal surfaces revealed at autopsy xx'as 
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unusual p\cept for mild perisplenitis and perihepatitis Three patients 
complained of severe myalgia and in two instances this, together with 
muscular atrophy, led to the clinical diagnosis of dermatomyositis 
Seven of the patients at postmortem examination were found to have 
verrucous vegetations on one or more of the heart valves similar to 
those described by Libman and Sacks (4) In only one instance did 
these alterations of the valves seem to be associated with any impair- 
ment of cardiac function In this individual verrucous vegetations 


X ii - V* 





Fig 3 Small Organizing Vegetations on Mitral Valve 
(J A , Autopsy 17346) 


were found on the mitral valve which was thought to be so altered by 
these changes as to result in insufficiency Ihe left heart was dilated 
and enlarged and the patient showed evidences of heart failure both 
prior to death and at postmortem examination The patient was seen 
by Dr Louis Hamman who described enlargement of the left ventricle, 
the presence of a gallop rhythm, and a loud first sound in the mitral 
area This was followed by a blowing systolic murmur and a sound in 
diastole which was thought to represent a diastolic murmur The 
blood pressure was 160/95 In the other instances in which verrucous 
endocarditis was found at autopsy the only associated physical altera- 
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tion noted during life was a soft apical systolic murmur INIurmurs of 
this type were not infrequentl}’’ noted m patients who died and w hose 



Fig 4 X-raj of chest (Case 6), showing extensne non-tuberculous pulmonar\ 
infiltration and enlargement of the cardiac silhouette due to pericardial effusion 
Histological examination re\ealed focal hemorrhages and focal aheolar exudate 
m lungs, with organization, thought to be txpical of the changes seen m rheumatic 
feaer, periarteritis nodosa, and sulfonamide h\-persensiti\it\ (Autopsx 19429) 


x^alves XX ere found to be perfectly normal at autopsy Of much 
greater significance, in so far as the dex'-elopment of cardiac insufli- 
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ciency was concerned, was the presence of myocardial scarring second- 
ary to arteritis and ischemic necrosis of the myocardium Of interest 
IS one patient who at autopsy was found to have verrucous vegetations 
of the mitral, aortic, and tricuspid valves (Fig 3) Streptococci were 
found imbedded m the verrucous vegetations involving the tricuspid 
valve It was thought that this patient had a secondary bacterial 
endocarditis establishing itself in a valve previously involved by the 
endocarditis of disseminated lupus erythematosus 

In the senes of cases reported by Osier, gastro-intestinal manifesta- 
tions were emphasized Since that time, in the cases described in the 
literature such manifestations have been insignificant in most instances 
This has led some authors to the conclusion that most of the patients 
described by Osier did not have lupus erythematosus disseminatus 
In the present series five patients had a significant degree of diarrhea 
In four of these the stools were bloody, and one had a massive hemor- 
rhage In four cramping abdominal pain was a prominent symptom 
In other patients extensive lesions of classical lupus erythematosus 
have been found in the vessels of the gastro-intestinal tract The 
following case illustrates the occasional prominence of abdominal 
manifestations in the clinical picture 

Case 3 (JHH 227999), a forty-five year old white male who developed un- 
explained fever and diarrhea in October, 1940 After a few days there was spon- 
taneous remission, but he continued to have bouts of fever and diarrhea through- 
out the winter Stool examinations and x-ray studies were done, but no basis for 
his complaints could be demonstrated In March, 1941 fever and diarrhea re 
turned with severe epigastric discomfort The following month his temperature 
rose to 103° to 105°F each day for short periods of time interspersed v ith periods 
of normal temperature During the course of the fever he complained of chilly 
sensations and developed “lumps m the muscles ” In May, 1941 he developed 
an erythematous eruption vhich was most prominent over the “butterfly area” 
of the face, and he Mas found to have both a pleural and pericardial effusion 
Renal impairment Mas evidenced by albumin, M'hite cells, and red cells in the 
urine and a non-protem nitrogen level of 59 mgm % His condition greM rapidly 
more critical, and he died on Mav 17, 1941 At autopsy the classical lesions of 
lupus ervthematosus disseminatus Mere found Muth endocarditis, hyaline masses 
in the glomerular loops, and perivascular fibrosis of the splenic arteries There 
was a bilateral hydrothorax and a fibrinous pericarditis Figure 1 shows the type 
of vascular lesions which are found in the gastro-intestinal tract The clinical 
manifestations of this patient are described above (Case 1) 
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Enlargement of the hver to a significant degree was noted fre- 
quently both chnically and at postmortem cKammation This en- 
largement was due m most instances to the deposition of large amounts 
of fat Occasionally •mdespread necrosis of hver tissue was observed 
It is mteresting that in only one instance was jaundice noted m this 
group of patients, and this was of the obstructive tj'pe This patient 
had generahzed edema with asates, and the jaundice was due to edema 
of the bihar}'^ ducts In only a small number of patients was hver 
function adequately studied In these cases there was evidence of 
diffuse parenchjmiatous disease mamfested by elevation of the cephahn 
flocculation and the thymol turbidity These tests were abnormal 
even in mstances in which the albumm-globuhn ratio was not altered 
In no instance, however, were the lesions of lupus erythematosus dis- 
semmatus seen m histological examination of the hver Focal central 
necrosis and excess fat were present m six of the cases descnbed by 
Cobum and Moore (12) The nature of these changes desen'es fur- 
ther study 

A palpable spleen was noted m less than half of the cases, and the 
enlargement was only moderate m those instances Kaposi (5) re- 
ported an instance of acute lupus erythematosus in a female aged 15, 
the skm manifestations makmg their appearance about eight days 
after the onset of purpura hemorrhagica Osier also recognized the 
occurrence of purpura hemorrhagica in the senes of cases which he 
descnbed Too much sigmficance, however, cannot be attached to 
these observations as at that tune the hematological cntena for the 
diagnosis of thrombocytopemc purpura were not estabhshed In 
1933, Lyon (13) descnbed a twelve year old boy who had thrombocy- 
toperac purpura with leukopema Subsequently, the patient de- 
veloped the typical skm lesions of acute lupus erythematosus In 
1937, Keil (14) descnbed the case of an eighteen year old white female 
who developed thrombocytopemc purpura The patient had a satis- 
factory response to splenectomy However, eighteen months later 
she returned to the hospital with the charactenstic skm mamfestations 
of lupus erjdhematosus The patient died almost seven years after her 
first appearance, apparently in uremia Jones and Tocantms (15) 
reported the case of a female patient who developed lupus erjidiema- 
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tosus several months after splenectomy for thrombocytopenic purpura, 
at a time when the platelet count was restored to no rmal 

In the present series of cases thrombocytopenic purpura occurred in 
four and in all of them the characteristic lesion of periartenal fibrosis 
was found m the spleen on histological e'?amination 

The following case bears certain similarities to those previously 
reported m the literature 

Case 4 QHH 274052), a thirty-nine year old white female who for a period of 
eleven years had had a recurrent eruption over the face each summer following 
eiqiosure to the sun Three years before death she had developed severe metror- 
rhagia and gave a history of easy bruising At the time of examination there were 
numerous purpuric spots and ecchymoses on the skin Exammation of the blood 
showed a hemoglobin of 9 8 grams, white cell count of 3050 and a platelet count 
of 41,000 The differential white cell count was normal The patient was seen 
by Dr Wmtrobe who made a diagnosis of thrombocytopenic puipura Dunng 
observation over a period of several months there was no improvement, the plate- 
lets remaining between 30,000 and 50,000 with the bleeding time ranging from 8 
to 14 minutes Bone marrow examination showed no platelet-producing mega- 
karjocytes present A splenectomy was done and review of the sections by Dr 
Arnold Rich revealed the typical lesions of lupus erythematosus Followmg op- 
eration her white cell count rose to 19,800 and the platelet count to 150,000 
The bleeding time returned to normal, and the menstrual flow became normal in 
amount Durmg the next three years, with the exception of the facial eruption 
during the summer months, the patient felt quite well Thirty-six hours after 
the final admission she developed anorexia and fever accompanied by pam in the 
muscles, joints, and skin At the time of admission to the hospital she was acutely 
fll with a high fever The skin was warm and moist, and there were numerous 
purpuric spots over the malar eminences There was an erythematous blush 
over the chest and abdomen The following day the purpuric eruption over the 
bndge of the nose was found to be even more marked, and the erythema over the 
chest had developed a dark purplish color Blood culture and spinal fluid culture 
revealed type 12 pneumococcus The patient was in severe peripheral circulatory 
collapse and died withm forty-eight hours of her admission to the hospital Ex- 
amination of the blood showed a hemaglobin of 14 5 grams with 12,600 white cells 
The platelet count was 42,000 

A second patient has had no further bleeding tendency for eight 
years following splenectomy for thrombocytopenic purpura and has 
developed no manifestations of disseminated lupus erythematosus, al- 
though histological examination of the spleen showed the charactenstic 
type of periartenal fibrosis 
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Case 5 QHH 207012), a t'lventy-four year old white female who entered the 
hospital m July, 1940 complammg of the appearance of purpunc spots on the 
legs, thighs and buttocks over a period of five weeks Exammation at that time 
showed numerous petechiae over the entire body, small ulcerations on the lower 
hp, bleeding gums and hemorrhage from the nose Hemoglobm was 11 2 grams, 
white cell count 6,250 with normal differential The bleedmg time was greater 
than fourteen minutes Tourniquet test was strongly positive Platelet count 
was 50,000 After operation the platelet count did not nse until the fourth day 
when It reached 300,000 At that time bleedmg had ceased, and the bleedmg 
time was one mmute The clot which did not retract after four days prior to 
operation now began to show retraction in one hour which was complete m twelve 
hours The spleen showed hyperplasia of the malpighian bodies as well as nu- 
merous lesions of periarterial fibrosis described by Dr Rich as charactenstic of 
those seen m lupus erythematosus dissemmatus 

The most that can be said of this group of cases is that there was 
thrombocytopenic purpura, and that the charactenstic lesions of 
lupus erythematosus were found m the spleen 

The presence of anemia in this condition has been emphasized 
Fourteen patients m this senes developed a moderate degree of anemia, 
and m an additional eleven it was progressive in seventy In the re- 
mammg seven no depression of the erythron was noted at any time 
dunng the course of the illness Thrombocytopenia has been regarded 
by some as a charactenstic feature of dissemmated lupus Only five of 
these thirty-two patients showed an appreciable reduction m the num- 
ber of circulatmg platelets Four of these patients had the chnical 
picture of thrombocytopenic purpura as mentioned above Leuko- 
penia has also been descnbed as a very frequently encountered altera- 
tion m the blood picture of patients with this disease Eighteen of 
the group showed at some time dunng the course of their illness a 
total white cell count of less than 5,000 per cu m Attention should be 
called to the fact that when patients with a significant degree of 
leukopema acquired a secondary bactenal infection, leucocytosis 
developed with counts nsmg as high as 25,000 per cu m in some 
instances 

Nervous system manifestations which were directly attnbutable 
to the lesions of lupus erythematosus formed an important feature of 
the clmical picture m many of these patients In four, convulsive 
episodes of a generalized nature were descnbed In an equal number 
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there was a toxic psychosis which necessitated care m a psychiatric 
hospital m two instances Three patients had transient periods of 
coma with no basis other than the disease under discussion In an 
equal number of patients a hemiplegia (see Case 1) developed In 
two others there were transient episodes of bilateral ptosis, and in one 
repeated attacks of Jacksonian epilepsy (see Case 1) In several 
instances there were delirium, coma or convulsive episodes probably 
associated with uremia, no other lesions being found in the kidneys 
than those of disseminated lupus 

The following case illustrates the type of psychotic behavior which 
may develop during the course of this disease 

Case 6 CHH 34S215), a forty-five year old white female developed an eruption 
over the malar surfaces of the face and generalized arthritis m August, 1944 At 
times there was some heat, redness and swellmg of the joints, but these were never 
conspicuous She lost strength rapidly, and edema of the ankles appeared In 
December, 1944 she developed very erratic behavior, wandering ofi for several 
days at a time without informing her family of her whereabouts This abnormal 
behavior was periodic up until the time of her admission on March 2, 1945 At 
that time there was a classical erythematous eruption of lupus erythematosus over 
the malar eminences There was definite peri-orbital edema, and the conjuncfivae 
were mjected Small lymph nodes were palpable in the axillary and inguinal 
regions There was a gallop rhythm over the entire precordium, and a loud systolic 
murmur was heard over the base There was pitting edema up to the region 
of the mid-thighs Laboratory exammations revealed hemoglobin 10 5 grains, 
white cell count of 4,550 The urine contained 4-|- albumm and an occasional 
red cell and white cell as well as granular cast Electrocardiogram showed some 
prolongation of the auriculo-ventricular conduction time She was extremely 
restless Feeding was difficult because of her inaccessibility She soon became 
entirely unresponsive, tossmg and tummg m bed so that restrammg sheets were 
necessary Occasionally, she u auld make a cry, wordless and animal-like Chorei- 
form movements were described Tube feedmg nas attempted, but was veiy 
difficult because hemorrhages occurred when the tube was inserted The patient 
never regamed consciousness Terminally, the non-protem nitrogen rose to 70 
mgm %, but durmg the major period of the delirium it was never higher than 32 
mgm % At autopsy the patient was found to have lupus erythematosus with 
verrucous endocarditis, periarterial fibrosis in the spleen and classical lesions in 
the kidneys There were focal hemorrhages and focal areas of alveolar exudation 
m the lungs with organization Periarteritis nodosa-like lesions were described 
m the ovaries and tubes Bilateral pleural effusions and ascites were noted Nu- 
merous old and fresh petechial hemorrhages were found throughout the bram 
substance 
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In 1940 jMaumenee (16) described the retinal lesions in four patients 
with acute disseminate lupus erj'thematosus and of one patient with 
the chronic t}q)e He noted the follownng tj^jical lesions (1) small 
fluff} white spots located in the superficial layers of the retina ne\er 



Fig 5 Typical Cvrom Bodies in the Retina, CoNETRiiED By Histological 
E xAiiD. ATiON (il 0 , JHH 57321) 

larger than the disc and usual!} in the posterior part of the fundus 
These w ere y er}^ similar in appearance to the exudates seen m hY-per- 
tensiY^e retinopathy Histologicall} the} were all shown to be areas 
of c}toid bodies, (2) small hemorrhages placed superficial!} m the 
retina and not located in relation to the yy hite patches nor to the larger 
retinal Yessels ^Microscopically these hemorrhages were found to he 
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m the nerve fiber layer of the retina (3) Slight papilledema In 
seven of the cases in the present series the typical cytoid bodies (Fig 
5) and superficial retinal hemorrhages have been seen In one instance 
the significance of these lesions was recognized by the Ophthahno- 
logical Consultant in a patient who had unexplained fever, spleno- 
megaly and repeated epistaxes At a later date the classical features 
including the typical cutaneous eruption appeared One patient 
m this series developed thrombosis of the central retinal vein Thus, 
among patients with disseminated lupus erythematosus, lesions in the 
retina occur fairly frequently These lesions are not specific, but in 
instances m which there is no hypertensive vascular disease they may 
fuinish a very important clue, particularly when the other visceral 
manifestations are not accompanied by the cutaneous lesions It 
seems possible that from more detailed study of the retina m a larger 
number of cases, with more accurate description of the nature and 
course of the lesions, a reasonably characteristic and diagnostic 
ophthalmoscopic picture might evolve 

It has been pointed out that the skin lesions in this disease frequently 
appear after exposure to sun light This photo-sensitivity has been 
evident in many of the cases m this series In one patient typical 
“butterfly lesions” appeared over the face each successive summer 
following exposure to the sun over a period of twelve years (Case 4 ) 
Rich (17) has recently pointed out that disseminated lupus erythe- 
matosus, in common with rheumatic fever and periarteritis nodosa, 
presents a rather impressive variety of lesions each of which occurs m 
anaphylactoid reactions of the serum sickness type, such as fever, 
urticaria and erythematous skin eruptions, purpura, arthritis, necrotiz- 
ing inflammatory arterial lesions, focal collagen degeneration, focal 
necroses of lymph nodes and of spleen, myocarditis, valvulitis, sterile 
inflammation of serous membianes, sterile pneumonitis and transient 
paresis Clinically it has not been possible to demonstrate hypersen- 
sitivity to any given substance m cases of lupus erythematosus dis- 
seminatus which might be considered as a causative factor However, 
the following case is of interest in this regard 

Case 7 (JHH A-30617) This twelve year old vhite boy de\ eloped pains m 
the wrists and shoulders in 1942 at which time he was discovered to have a mark- 
edly elevated sedimentation rate When first examined m June, 1943 he had 
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fc\tr ind still comphincd of joint pnins Ph\sicil Exmiinition it thnt time 
showed tcmperiturc 102°r , pulse 115, respirations 20, blood pressure 120/75 
IhLrc were no other abnormalities The sedimentation rate was 29 mm /hr cor- 
rected During the next few weeks he ran a persistent clexation in temperature, 
complained of joint pams and dc\ eloped general glandular enlargement In 
December, 1943 a shower of puqiuric spots occurred oxer his loxxer extremities 
ind the palms of his hands \fter that time crops of petcchiae appeared at in- 
terxals, and he had frequent nosebleeds Earlx in Januarx he dex eloped gross 
hcmituna and slightlx bluish non- tender nodules on the palms of the hands, on 
the elbows, and on the feet These xxould dexelop and disappear xxithin the course 



Fig 6 Note the characteristic distribution of the facial lesions and the ex idence 
of oral hemorrhage (Case 7) 

of thirtx SIX hours One of these nodules xxas biopsied and shoxxed the classical 
lesions of lupus erx thematosus The patient xxas found to hax e a marked reaction 
to a beta streptococcus antigen Txxo doses of 0 1 cc of a special streptococcus 
xaccinc wcregixen intracutaneouslx ata timcxxhen the prex louslj described m in- 
ifcstations were quiescent Following the second dose Ins temperature rose to 
40"C and numerous nodules appeared beneath the skin, first being noted six 
hours after the injection, he dex eloped generalized pruritis and a diffuse crxthcm 
atous eruption Scattered shoxxers of petechiac appeared xxith increasing fre- 
qucncx The temperature remained markedlx clexated and a few daxs later he 
X oniitcd 400 cc of blood Four dax s after the first injection he dex eloped a tx pical 
“butterflx rash” oxer the malar eminences xxhich xxas purplish red, slightlx raised 
and sharplx outlined (Fig 6) On March 5 he became comatose, a positix e Babin- 
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ski was demonstrated on the right side with flaccid paralysis of the right arm and 
stiffness of the left Numerous flame-shaped hemorrhages were found in the 
retina of both eyes At autopsy there were typical wire-loop lesions in the glo 
meruli and sections of the spleen showed scattered periarterial fibrosis of the onion 
skin t3^pe No other lesions characteristic of lupus erythematosus were described 

Coburn and Moore (12) pointed out that hyperglobuJmemia is a 
constant characteristic of the lupus state Electrophoretic analysis 
showed that the increase in globulin was chiefly in the gamma globulin 
fraction Autopsy study of their patients yielded no evidence that 
chronic infection was responsible for the production of this protein 
unless one considered the presence of mild infections of the bronchial 
tree as of significance They state that it has been pointed out that 
the arterial and renal lesions of the lupus state may be referable to 
the deposition of coagulable material resembling serum protein, 
and add that “it seems likely that such physical changes may give 
rise to the vascular phenomena observed during life ” They further 
state, “that disseminated lupus appears to be a disease of disturbed 
cellular metabolism, perhaps associated with the presence of this 
reactive protein ” 

Determinations of serum protein content were made in 22 cases of 
the present series The amount of globulin present was greater than 
three grams per cent m 19, the average value being 4 3 The ma\i 
mum values were 8 5 for total protein and 5 3 for globulin, while 
the respective minimum values were 3 94 and 2 06 Those of Coburn 
and Moore were maximum 8 7 and 5 7 , minimum 4 2 and 2 1 Their 
mean globulin value was 3 9 In general, there seemed to be, in the 
present series of cases, a tendency for the patients showing the most 
marked arthritic manifestations to have the highest values for serum 
globulin In those cases without joint manifestations the mean value 
for serum globulin was only 3 27 This is of interest in view of the 
fact that in patients with rheumatoid arthritis there is frequently an 
elevation of the globulin fraction with reversal of the A/ G ratio 

It IS relatively easy to make the diagnosis of disseminated lupus 
erythematosus when the patient shows all of the characteristic mani- 
festations including fever, arthritis, cutaneous lesions, sterile effusion 
m serous cavities, and a picture of chronic nephritis However, it 
must be emphasized that the course of the disease is characterized 
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by fluctuations in the degree of activity -which may be great at times 
foUo-ned by penods of relative freedom from s>Tnptoms In the re- 
crudescences the acti\e lesions may be confined to certam restncted 
areas For instance, in one attack the only manifestations may be 
fever and a pleural effusion, while in another the important climcal 
abnormahty may be pencarditis -with effusion In still another the 
cutaneous manifestations may be quite prormnent In this way the 
full picture of the disease only unfolds over a penod of years, and the 
patient may be seen m several exacerbations before enough perspec- 

TABLE I 

Tie Incidence of Coirphcating Diseases m 32 Cases Of Lupus EryH-erralosus Dissetrtralus 


Pulmonarj tuberculosis 2 

Mibarj tuberculosis 2 

Tuberculous ademtis 3 

Tuberculosis of spine with psoas abscess 1 

Pulmonary infarction 1 

Lobular pneumoma 8 

Tj-pe 2 pneumococcal lobar pneumonia 1 

Ti-pe 23 pneumococcal lobar pneumoma with bacteremia 1 

Type 6 pneumococcal lobar pneumonia ivith bilateral empj ema 1 

Tvpc 12 pneumococcal meningitis 1 

Aspiration pneumonia 2 

Staph>lococac pneumoma 1 

Beta hemolj tic streptococcus septicemia 2 

Dural Menmgioma 1 

Bactenal Endocarditis 1 

Multiple renal abscesses with bacteremia 2 

Purulent lung abscess 1 

Tubo-ovanan abscess, ruptured, with generalized pentombs 1 


ti\ e can be gamed to make the diagnosis ob-vious Once the diagnosis 
becomes dear the tendency may be to attnbute any subsequent ill- 
ness to the bizarre and variable chnical manifestations of dissenunated 
lupus ery thematosus The invoh ement of any given organ or loca- 
tion may simulate a x'anety of other diseases affecting the same region 
It IS important to emphasize that any new dmiral de\ elopment occur- 
nng durmg the course of this disease must be analyzed -with a com- 
plete!} open mind An illness entirely unrdated may dexelop, be 
unsuspected, and lead to death This situation becomes all the more 
important when one realizes that disseminated lupus erythematosus 
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may have long periods of remission, some patients living for ten to 
fifteen years or more, with intervals of complete or relatively complete 
freedom from active s}anptoms The accompanying table (Table I) 
illustrates the variety of comphcating diseases which may be seen 
during the course of lupus erythematosus The following case re- 
port illustrates the difficulty of recognizing these concomitant diseases, 
and the equal difficulty of evaluating their relative importance in the 
overall clinical picture 

Case 8 (JHH 260256), a 52 year old white female entered the hospital May 25, 
1942 complaining of fever and arthritis of eleven weeks duration Eighteen months 
previously she had developed pam and swelling m the hands and forearm which 
lasted for three months There was a recurrence of the jomt manifestations in 
March, 1942 The following month exammation showed a temperature of 
101 4°F , skm and mucous membranes showed mild pallor, and there was sym- 
metrical edema of the hands and feet The remainder of the examination was not 
remarkable, except for the leucocyte count of 3,600 She continued to run an 
irregular fever and developed crisp, inspiratory rales at both lung bases and some 
pleural pain at the left base Durmg the next few weeks she became increasmgly 
weak and developed generalized aches and pains necessitating her admission to 
the hospital on May 25 for further study Physical examination showed a mild 
erythematous eruption over the bridge of the nose and the cheeks The only 
additional findmg was a sustained ankle clonus The patient contmued to run a 
daily elevation in temperature from 101° to 102° There was a heavy growth of 
E coll in the urme This infection was resistant to all forms of treatment avail- 
able, mcludmg sulfonamides and mandelic aad therapy Intravenous pyelograms 
showed both kidneys to be normal in size, shape and position On June 29 phys 
ical findmgs indicated a left pleural effusion Five hundred c ml of relatively 
acellular fluid was removed On June 3, there was an exacerbation of the cu- 
taneous eruption foUowmg a mild exposure to the sun On August 12, she de- 
veloped auricular flutter and x-ray of the chest showed enlargement in the region 
of the left ventricle On August 31, the patient had the first of a series of con- 
vulsions which were tonic and later clonic, being accompanied by aphasia These 
occurred at mcreasingly frequent mtervals during the next few days The patient 
became much weaker and died on September 5 The final anatomical diagnosis 
was lupus erythematosus dissenunatus, pericardial effusion, organizing perisplenitis, 
onion-skin lesions in the spleen, minute area of valvulitis, mitral valve, right 
pleural adhesions, subacute ulcerative and diphtheric cystitis and urethritis, acute 
pyelonephritis, right kidney, septicemia, E coli, acute mterstitial myocarditis, 
aspiration pneumonia, fatty liver, history of convulsions, dural meningioma, left 
parietal lobe 
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In this instance the evtent and importance of the unnary tract in- 
fection was not appreciated, as it was thought to be confined to the 
bladder Furthermore, the fever and other mamfestations to wrhich 
this ma> have contnbuted were regarded as part of the picture of 
rapidly advancing lupus erythematosus Convulsions are a relatively 
common feature during the course of lupus erjlhematosus and the 
presence of a dural meningioma in this case was entirely unsuspected 

An analagous situation evisted m Case 4 descnbed above The 
final fulminating illness was thought to be due to an acute exacerba- 
tion of the disseminated lupus, pnncipally because of the dramatic 
extension of the cutaneous lesions Further study, however, re- 
vealed that a pneumococcal bacteremia and menmgitis was the cause 
of her final acute illness leading to death 

SUMMARY 

It seems evident from this study that Osier constructed a frame- 
work for the clinical picture of this disease, and that others have 
supplied the details There seems to be httle or nothing of real 
significance, as far as the clinical mamfestations are concerned, which 
he omitted The frequency distnbution of the \anous features 
which he emphasized remams essentially the same, with the possible 
exception of the gastro-intestmal mamfestations He focused at- 
tention upon those features of the disease which, as this review makes 
obiTOus, are still of paramount importance 

1 The cutaneous lesions have visceral counterparts which may 
occur in the absence of any dermal abnormahties 

2 "WTiile the disease may manifest itself through alterations in any 
of the organ systems, the cutaneous, joint, and renal manifestations 
are most prominent 

3 Osier noted that the endocardium was at times involved, and 
pointed out the occurrence of hemorrhagic manifestations 

4 He emphasized the fact that the disease may hax^e a protracted 
course, dunng which xaned chnical abnormalities appear, rendenng 
diagnosis difficult unless one has the opportunity to follow the course 
of the illness o\ er a long period of time 

5 Osier realized the kinship of the diseases of the rheumatic group, 
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but pointed out the possibihty of different etiologies This thought 
finds later expression in the behef of Klemperer, Pollack and Baehr 
(10) that these are chmcal entities of varying etiology involving pri- 
marily the same “system” of the body, thus, assuming an outward sim- 
ilanty, though etiologically distinct 
6 Just as certain features of the cases in Osier’s series were particu- 
larly striking, m the group reported here one is impressed by the 
involvement of the nervous system, the sirmlanty of the joint lesions 
to those of rheumatoid arthritis, the incidence of thrombocytopenic 
purpura, and the frequency with which secondary infections have 
occurred The difficulty of recognizing these latter complications, 
in certain instances, in a disease with such widespread lesions is 
obvious Equally obvious is the importance of their recognition in 
the presence of a disease which may run a relatively benign course 
for many years 

This review has added nothing new to the fundamental expressions 
of Osier Perhaps it may serve as an echo of his clinical genius 

We are mdebted to Dr A C Woods for the use of figure 5, to Dr 
A R Rich for permission to use the autopsy material, and to Dr 
F F Schwentker for the cases from the Department of Pediatrics 
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CHRONIC CYANOSIS, WITH POLYCYTHvEMIA AND ENLARGED 
SPLEEN A NEW CLINICAL ENTITY 

By WlLUAM OSLEE, M D , 

PRortssoR or medicink im johss hofkinb univemitt 

The grouji of cases here reported, with those collected from the 
literature, are worthy of careful study, as we have here in all prob 
ability “ a definite clinical entity and one which is new to medical 
science,” to use the words of Saundby and Russell in descnbing their 
case The condition is characterized by chronic cyanosis, polycy 
thiemia, and moderate enlargement of the spleen The chief symptoms 
have been weakness, prostration, constipation, headache, and vertigo 
A further analysis will be reserved until after the consideration of the 
cases 

Case! Cyanosis for years, of unknowi origin, albuminuria, rapid 
pulse , polycythvemia , high vascular leimon — Dr K , aged forlj four 
years, consulted me October 28, 1901, complaining of a rapid pulse 
and diffuse cyanosis He has been a very healt% man, active and 
vigorous, of good habits , has had no serious illnesses He has been 
uneasy about himself, as be had detected a trace of albumin in the 
urine For several years his wife has noticed that he has had a ^ ery 
congested appearance, and the eves would often be deenly suffused 
I have seen him at intervals for th^ast five years and nave known 
him to be a very blue-faced man He has been of a constipated habit 
His eyes are somewhat prominent, but his wife says this is natural to 
him He has coustantly a feeling of fulness m the head, sometimes 
a sensation of vertigo, and for these symptoms he consulted me 

He was a well built, well nourished man , the face much suffused , 
the ears looked a little blue, the conjunctiva were mjected^^and the 
lips distincth cyanotic The tongue also looked cyanotic The gen 
era} surface of the skin looked suffused and the anamia left after 
pressure of the hand on the skin was very marked and veiy slowly 
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OSLER’S CHRONIC CYANOTIC POLYCYTHEMIA WITH 
SPLENOMEGALY 

MAXWELL M WINTROBE 

Department of Mtitcine, Umoersily of Utah College of Medtctne, Salt Lake City 

Although the concept that patients might be overburdened with 
blood was held by Galen and his predecessors as well as by those who 
followed hun, as late as 1889 the hematologist, Hayem, stated that he 
did not believe m the existence of a plethonc state which could be as- 
scnbed to an mcrease of red cells (1) This was the authontative 
opinion even though transitory hyperglobuha had been noted by Vogel 
in 1854 and polycythemia m association with chronic heart disease 
had been observed by Malassez and by Naun 3 m m 1872 (2) In 1890 
Viault (3) found high blood counts in persons hvmg at high altitudes 
In writmg in 1892 “Sur une forme speciale de cyanose s’accompag- 
nant d’hyperglobuhe excessive et persistante”, Vaquez (4) attnbuted 
the condition to congenital heart disease even though there were no 
auscultatory signs He faced the cnticism of Hayem in statmg that 
functional hyperactivity of the hematopoietic organs was suggested 
by the exaggerated volume of the liver and spleen m his patient and 
was the cause of the mcrease in red cells, hemoglobm and leucocytes 
Failure to find evidence of congemtal heart disease at autopsy made 
Vaquez’s case more mysterious The unique character of such cases 
was recognized by Cabot (1899) (5), by McKeen (1901) (6) and by 
Saundby and Russell (1902) (7) but it was only the last named who 
appreciated the fact that they were dealing with a new chmcal enfaty 
Previously, m 1889 Cuffer and Solher (8) had descnbed the disorder 
very adequately but they did not examme the blood 
By the tune Osier’s report was given it was becoming dear that there 
are two classes of polyglobuhsm relative, in which the condition is due 
to a dumnution m the quantity of the plasma of the blood, and true, 
m which there is an actual mcrease m the number of blood corpuscles 
Vaquez and his pupil, Quiseme (9), m 1902 had dearly defined true 
polycythemia and mduded the disease first described by Vaquez under 
this head together with conditions in which there is difficulty m proper 
aeration of the blood, as in high altitudes, or m heart disease, congenital 
and otherwise 
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Osier gave his report before the Association of Amencan Physicians 
m May, 1903 This was subsequently pubhshed in the Amencan 
Journal of the Medical Sciences (10), of which the first page is repro- 
duced here Osier gave accent to the supposition of Saundby and 
Russell that the condition is a definite chnical entity and clearly de- 
scnbed the chmcal picture 

Osier presented four cases The first patient was a physician aged 
forty-four years, seen by him m 1901, who for years had had cyanosis 
of unknown origm The patient had detected albummuna himself 
In addition the pulse was rapid (120), there was polycythemia and 
“high vascular tension” (175-203 mm ) The edge of the spleen was 
palpable There were no signs of emphysema and the heart was of 
normal size with dear sounds Osier suspected “chronic degeneration 
of the kidneys, with shght artenosclerosis” The laboratory work, per- 
formed by Dr Futcher, revealed a few hyahne and finely granular casts 
in addition to the albummuna The red blood corpusdes numbered 
9,952,000, the hemoglobin was 120 per cent (Fleischl) Several counts 
were made as it was thought that there might have been a mistake 
The “relative scarcity of leucocytes” (4,000) was another puzzling 
feature 

The second patient was a Russian Jew, 35 years of age, first ad- 
imtted m 1900, who complained of recurrmg attacks of nausea and 
vomitmg, pain m the left side and severe constipation Persistent and 
marked cyanosis of the face, hands and mucous membranes, red cell 
counts ranging between 6,500,000 and 10,200,000, hemoglobins of 
102 to 125 per cent and leucocyte counts of 8,600 to 30,000, as well 
as a blood specific gravity of 1 068 to 1 083 were the chief features 
It was noted that the cyanosis persisted even when there was very 
httle vomiting 

The third patient was seen at the Lakeside Hospital in Cleveland 
with Dr Lowman This was a woman of 44 years, of Enghsh descent, 
who was unusually cyanosed and had an enlarged spleen A double 
pterygium and fading vision had brought her to the opthalmological 
division of the hospital but persistent headache attracted the attention 
of the mtermsts In this, as in the preceding cases, it was noted that 
the impression made on the skm with the finger disappeared slowly 
The spleen extended 7 5 cm below the costal margm The poly- 
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cythemia was even more pronounced than m the other two cases 

11.616.000 The leucocytes were 5,100 Soduun mtnte brought 
rehef of the headache 

The fourth patient was not seen by Osier but he suggested the diag- 
nosis after discussion with Dr Lyon concerning Dr Stockton’s case 
in Buffalo This was a Turkish Jew of 46 years, a shoemaker, whose 
chief complamts were general weakness, chrome headache, pam m the 
feet and legs made worse by walking, general diffuse pains m the ab- 
domen, pam over the region of the heart, moderate chrome constipation, 
a shght cough and occasional attacks of shortness of breath A deep- 
ening color of the skin had been noted first four years before The 
red corpuscles, first counted on the day of death, were found to be 

8.250.000 “The depth of color and darkness of the blood was far 
beyond the range of estimation for hemoglobin by the color scales of the 
vanous hemoglobinometers” The patient died “in collapse and after 
a few hours of drowsmess deepenmg into semiconsaousness” At 
autopsy the spleen, which had not been felt dunng life and which on 
percussion seemed smaller than normal, was found to be moderately 
enlarged There was only moderate emphysema m the lungs, the 
heart was about normal and nothmg defimte was found to account for 
the condition 

It IS of interest that the four cases reported by Osier typify so well 
the picture of polycythemia vera the mcidence in middle or late life, 
the somewhat greater frequency m males, the high mcidence m Jews, 
the presence of s)miptoms such as headache, vertigo, constipation, 
weakness and vascular disturbances, the findmg of splenomegaly m 
many cases, and the occurrence of leucocytosis m some cases in addi- 
tion to polycythemia 

Analysis of his own and of five cases reported m the literature led 
Osier to no conclusion concemmg the nature of the disease While 
the chnical picture was certainly very distmctive, the symptoms, he 
pointed out, were somewhat indefinite and the pathology qmte obscure 
He suggested that a careful study be made of aU forms of chronic 
cyanosis with polycythemia, particularly of those associated with 
heart disease and emphysema There are essentially only two condi- 
tions, he remarked, other than the entity under discussion which permit 
patients to walk mto the hospital or mto the consulting room m spite 
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of the presence of extreme cyanosis, namely congenital heart disease 
and emphysema Osier recommended more accurate study of the 
blood, measurement of the blood volume, its viscosity and speafic 
gravity, the amount of hemoglobm and the diameter of the red cor- 
puscles He was inclmed to attnbute the cyanosis to an mcreased 
viscosity of the blood with resulting difficulty of flow He raised 
the question whether the splenomegaly might not be simply the effect 
of chronic passive congestion He closed with the statement that 
future mvestigation should determme whether one were deahng here 
in reahty with a new disease 

In Osier’s second paper, which appeared m the Bntish Medical 
Journal (11), the “Chrome Cyanotic Polycythaemia with Enlarged 
Spleen” in which he had become interested was distmgmshed from 
that caused by primary tuberculosis of the spleen Several observers 
had pointed out that cyanosis and polycythemia may be associated 
with this rare form of tuberculosis Osier called attention to the 
chrome course of true polycythemia and the failure to demonstrate 
caseous masses or miliary tubercles in the enlarged spleens in the three 
cases of his senes in which autopsy had been performed 

The climcal lecture on “Erythraemia (polycythemia with cyanosis— 
maladie de Vaquez)”, delivered at the Radchffe Infirmary, Oxford, on 
November 28, 1907, and published in the Lancet of January 18, 1908 
(12) furnished a comprehensive picture of the disease which has not 
been amplified to any significant degree smee that tune By 1908 re- 
ports had appeared not only m France, the United States and the 
British Isles but also from Vienna, Wiesbaden, Budapest, Berhn and 
elsewhere At least 70 cases were on record 

Osier made quite clear that pnonty of description rested with Va- 
quez and was inchned to favor the use of the name, erythremia, for the 
disorder following the suggestion of Turk (13) of Vienna He dis- 
cussed the “torpor, mental and physical” which characterize these pa- 
tients and he noted that the first patient he had seen in the hot summer 
days would be “red as a rose” and look bursting with blood, while m 
the wmter he became “as blue as mdigo ” Osier was very much un- 
pressed with the degree of vasomotor mstability seen m many cases 
He stated that “high blood pressure is the rule” and sclerosis ofthe 
superficial artenes and a trace of albumm are frequently noted, and 
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that attacks of bronchitis and of asthma had been descnbed Hemor- 
rhages, sometimes petechial, or hemopt3’^sis, hematemesis or hematuna, 
had occurred in a number of cases Death from cerebral hemorrhage 
had been noted m several mstances 

The analogy with leukemia was drawn but, cunously enough, not 
on account of the changes in the leucocytes which may be so stnkmg 
in some cases of polycythemia vera but rather because of the great in- 
crease in blood volume which Haldane had noted m cases of this dis- 
ease and which Osier assumed takes place also in leukemia 

In further considenng the pathology of “this mterestmg affection,” 
Osier pomted out that the suggestion that the polyglobuhsm is due 
to retarded destruction cannot be considered senously smce there are 
no chmcal or anatomical facts m support of such a view The intense 
hyperplasia of the bone marrow was noted and by this tune Osier 
accepted the view that the spleen participates actively in the process, 
for histological studies had not mdicated that the enlargement was due 
to the accumulation of the products of hemolysis He remarked, 
“Nothmg is more certain — in the imcrocosm as in the macrocosm, 
given a demand and there is soon a supply But here is a condition 
in which so far as we know there is an oversupply without any corre- 
spondmg demand and the same nddle confronts us as m leukemia and 
several other diseases of which overproduction of a normal tissue or 
element is the essence ” Osier discussed the suggestion made by 
Koranyi and Bence that the disease is due to a lessened power of the 
red blood corpuscles to absorb oxygen, as well as Saundby’s proposal 
that “there is such a state of capiUaiy dilatation with slowing of the 
blood current that each httle boatlet of blood cannot discharge its 
proper cargo and to make up for this failure more are put mto circula- 
tion, the anbthesis of the condition existing at high altitudes when as 
each httle boatlet cannot get a sufficient cargo of oxygen m the space 
of time it remains m the lung capiUanes, three are sent out to do the 
work for which two usually suffice ” 

Repeated bleedmgs were recommended by Osier for the fullness of 
the head and vertigo Therapeutic procedures which he thought 
worthy of tnal mcluded the inhalation of oxygen and irradiation over 
the spleen 

In relation to Osier’s comment concerning the blood pressure in poly- 
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cythemia, note may be made of the subsequent description by Gais- 
bock (14) of a group of cases in which h 3 rpertension was present, as 
well as albummuria, m the absence of splenic or hepatic enlargement 
There is reason to doubt that this represents a special form of erythre 
mia Parkes Weber (15), one of several clmicians who, followmg Osier, 
devoted much attention to this disorder, emphasized that hyperten- 
sion IS unusual in erythremia Many have noted that cardiac hyper- 
trophy IS relatively uncommon Peacock (16) showed that increases 
m blood volume or viscosity do not cause an increase in blood pressure 
It has also been demonstrated that a decrease of the polycythemia in 
cases in which hypertension exists does not necessarily cause a fall in 
blood pressure 

Osier referred to the occurrence of erythromelalgia and was im- 
pressed with the association of vascular disease with eiythremia, topics 
which have since received additional consideration (17, 18) Follow- 
ing Osier, important papers were pubhshed m the succeeding years by 
Wemtraud (19), Lommel (20), Senator (21), Hirschfeld (22) and 
Mackey (23) and the first complete post mortem examination was re- 
ported by Weber and Watson (24) By 1912, Lucas (25) found pub- 
lished records of 189 cases, of which 123 can be accepted without any 
doubt as cases of erythremia 

One sigmficant feature failed to impress Osier This was the leuco- 
cytosis and the other signs of increased bone marrow activity which 
are so often encountered m erythremia A leucocyte count greater 
than 10,000 per c mm was present m half of Osier’s patients He also 
did not recognize the fact that the platelets may be increased in this 
disease Turk, whose proposal that the disorder be named “ery- 
threrma” was accepted by Osier, pointed out as early as 1902 that 
evidence of a combined increase of erythropoiesis and leukopoiesis is an 
important charactenstic of the condition 

Studies conducted since Osier’s time have yielded quantitative data 
supportmg many of the assumptions he made but have produced re- 
markably httle m addition (2) Thus, measurements of the blood 
viscosity have shown it to be 5 to 8 times the normal and the specific 
gravity of the blood has been found to be 1 075 to 1 080 (normal 1 055 
to 1 065) The total mass of red cells has been shown to be greatly 
increased It has been demonstrated that the total blood volume is 
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greater than normal although it is not as much mcreased as would be 
expected from the gam in red cell mass^ there being, m most mstances, 
a reduction m plasma volume 

It has been shown, also, that the circulatory mmute volume and the 
velocity of the blood flow are decreased The skm capillanes have 
been found to be distended and enlargement of part or all of the capil- 
lary loops has been noted, particularly m the venous segments All of 
the available vessels, m short, are open m this disease Brown and 
GifBn (26) pomted out that the additional vascular space m the skm 
leads to a loss or impairment of the physiological heat mechamsm with 
the result that many sensory symptoms such as mtolerance to heat 
and cold and bummg sensations develop 

Osier’s conclusion that erythremia cannot be attnbuted to decreased 
destruction of the red cells found support m studies of the pigment 
metabohsm m this disease (32) These mdicated that, if anythmg, 
blood destruction is exaggerated It was suggested later that an m- 
creased corpuscular “life span” might account for the disorder but, so 
far, no adequate data have been offered m support or m contradiction 
of this hypothesis As already quoted. Osier was mtngued by the fact 
that here was a condition “m which so far as we know there is an over- 
supply without any corresponding demand ” The cause of this m- 
creased activity of the hemopoietic system is as obscure today as it was 
in Oder’s era The factors which govern the physiologic regulation of 
hematopoiesis are stfll unknown and it is still a mystery why and how 
the blood remams “normal ” 

The respiratory mmute volume has been found to be mcreased and 
the vital capacity reduced, the latter perhaps as the result of the mtense 
pulmonary vascular congestion The observation that the oxygen sat- 
uration of the arterial blood is within physiological bounds has been 
confirmed recently (27), even m cases with volumes of packed red cells 
as high as 81 per cent The hemoglobin is normal m all respects in 
this disorder and the oxygen unsaturation of the venous blood is wi thin 
normal hunts (28) The contradictory report (29) that the hemoglobm 
m polycythemia vera does not give up its oxygen as readily to the 
tissues as does normal blood has found no support m more recent 
studies (30) There is also nothmg to confirm the suggestion (31) that 
there is a decrease m the pulmonary permeabihty to oxygen It has 
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been reported that during exercise there is a significantly increased ar- 
terial oxygen unsaturation (31) but these observations await duplica- 
tion 

It follows that the abnormal color of the skin is due to the color the 
blood assumes when an abnormally large proportion of reduced hemo- 
globin IS present The vascular tree being filled to its greatest capacity 
and there being marked slowing of the blood flow, cyanosis occurs, but 
its intensity depends on the number and distribution of the peripheral 
capiUanes and the subcapiUary venous plexuses as well as on the thick- 
ness and amount of pigmentation of the skin 

Osier was led by his thoughts concerning “oversupply without any 
corresponding demand” to draw an analogy with leukemia Con- 
sistent with this view are the cases in which a very stnking leukocytosis 
IS present and immature myeloid leukocytes are found in the circula- 
tion, those instances in which, in spite of a clinical and hematologic 
picture of erythremia, at autopsy the amount of leukoblastic tissue and 
all the pathologic findings closely resembled those characteristic of 
chronic myelocytic leukemia, the cases in which, after a variable dura- 
tion with a course t}^ical of erythremia, anemia developed while the 
leukocytosis remained high or became still greater, the cases of ery- 
thremia terminating in a classical picture of acute myeloblastic leu- 
kemia, and, finally, the cases of chronic myelocytic leukemia in which 
the later course and chnical picture were those of erythremia (2, 33) 
The Italian school of hematologists (Ferrata, Di Gughehno) strongly 
support the concept that erythremia and leukemia depend on a single 
pathologic factor which, in erythremia, consists in a reversion on the 
part of the “ clasmatocy told hemohistioblast” (the primitive blood cell) 
to its embryonic activity so that it produces erythrocytes as well as 
leukocytes 

From time to time, however, attempts have been made to relate 
the development of eiythremia to anoxia Reference has been made 
already to the suggestion that the hemoglobin may be abnormal in 
that its oxygen combining power may be decreased It has been pro- 
posed that the capiUanes may be so dilated that the red cells cannot 
unload their oxygen or the tissues may be abnormal and tissue respira- 
tion may be increased No adequate support for these hypotheses 
has been offered, however 
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In erythremia, m contrast to secondary polycythemias, the per- 
centage oxygen saturation of the artenal blood is normal Conse- 
sequently, it should be clear that a theory of anoxia applied to this 
disease reqmres that anoxia be produced by circumstances local to the 
bone marrow Consistent with this is the report of Reznikoff, Foot 
and Bethea (34) who observed marked narrowmg and fibrosis of the 
artenes and artenoles in the bone marrow in certain cases of eiythre- 
mia It remams to be shown that these vascular and hematologic 
changes were etiologically related and not merely coincidental Direct 
measurements of the oxygen saturation and tension of samples of blood 
removed from the sternal marrow cavity (35) have demonstrated no 
significant differences between normals, anemic patients and patients 
with erythremia However, the techniques used were not adequate 
even to demonstrate a lowered percentage oxygen saturation of the 
marrow blood in anemia, where an anoxic stimulus is generally beheved 
to be the cause of increased eiythropoiesis Consequently, these nega- 
tive results cannot be regarded as denymg a possible role of oxygen 
lack as a cause of erythremia 

The writer is mchned, nevertheless, to favor the view that erythre- 
nua IS similar in its pathogenesis to leukemia and is not attnbutable 
to the influence of anoxia on the bone marrow It is clear, however, 
that the subject of the pathogenesis of this disorder is an open one 
It would seem worthwhile to reevaluate the significance of the vanety 
of studies which have been reported hitherto and perhaps also to ex- 
plore the subject experimentally Thus the polycythemia produced 
in animals by feedmg cobalt nught be studied and its mechanism m- 
vestigated It might be of value to determme whether it is really true, 
as everyone assumes, that anoxia stimulates erythropoiesis by a direct 
effect on the bone marrow (36) It seems possible that the effect of 
rarefied atmospheres in stimulatmg erythropoiesis is mediated through 
some other organ Discovery of such a hypothetical mechanism might 
prove of value in disclosing the factors govermng hemopoiesis 

Although there has been so httle progress since Osier’s time m gammg 
an understandmg of the pathogenesis of er}’'threrma, advances in the 
management of the disorder, fortunately, have not been held to this 
slow pace In addition to venesection, a procedure imtiated m Osier’s 
time and utilized effectively to this day, a vanety of methods of treat- 
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ment have been devised These include impairment of blood regen- 
eration following venesection by feeding an iron-poor diet, destruction 
of the blood by the administration of phenylhydrazine, and destruction 
of hemopoietic tissue by roentgen irradiation, especially “spray” ther- 
apy (37), by the admmistration of mtrogen mustard (38) or by mjectmg 
radioactive phosphorus (P^^) Of these procedures, the last has 
achieved the most favored position 
Radioactive phosphorus passes to tissues which have a high phos- 
phorus content and which metabolize phosphorus rapidly Since the 
half-hfe of P^^ is 14 3 days, steady irradiation of tissue takes place 
for several weeks The concentration of radioactive phosphorus in 
bone makes it particularly valuable in the management of hemopoietic 
disorders and, of these, the most impressive beneficial effects have been 
observed in erythremia Lawrence (39), m a senes of 115 cases, re- 
ports satisfactoiy chnical and hematological remissions lasting a num- 
ber of years Many of his patients received only one course of therapy 
(usually 2 injections of 3-6 me ), some of them not needing retreatment 
after 4, 5, 6, 7 and 8 years The average duration of hfe in his cases 
has been approxunately 17 years, a hfe expectancy sumlar to that of 
patients with diabetes mellitus treated with insuhn and of patients with 
pernicious anemia treated with liver extract Hall (40), in a senes 
of 124 cases, notSd a reduction of hemorrhagic manifestations from 
33 to 1 6 per cent, while the inadence of thrombosis decreased to 2 4 
per cent from 27 4 per cent In each series, however, acute leukerma 
was observed 5 times, an incidence which is higher than had been noted 
pnor to the use of this therapeutic agent (41) 
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A CONSIDERATION OF THE BANTI SYNDROME 


“Even m •well kno'wn affections advances are made from time to time that ren- 
der necessary revision of our accumulated knowledge, a readjustment of old po- 
sitions, a removal even of the old landmarks ” 

Sir William Oslee, 1895 
PHILIP F WAGLEY* 

From the Department of Medtctne, The Johns Eopktns University and Hospital, 
Baltimore, Maryland 

The purpose of this paper is to ate a few of the pubhcations perti- 
nent to the evolution of the concept of the Banti S3Tadronie which 
have appeared since Osier’s first reports (1-7) on the subject Al- 
though ongmally considered a separate disease entity, the term is now'V’ 
apphed to conditions of vanous etiologies ha'vmg m common anemia, 
leukopema, occasionally thrombocytopema, splenomegaly and etn- 
dence of hepatic disease or altered portal circulation 

I 

Incidence Although relatively uncommon (8-10) such cases are the 
subject of numerous papers The mcidence has been reported equal 
m the two sexes (11-14) Occupation and heredity have been stated 
as playing no role (4, 11, 12) Cases mdicatmg a possible famihal m- 
adence have been descnbed (4, 9, 15) though Banti would not accept 
one such senes (16) as an example of his entity The condition seems 
to be more common m white than colored patients (17) The younger 
age group has predominated m several senes (4, 9, 11, 17, 18, 19) No 
unusual geographic distnbution has been noted (18, 20) 

n 

Symptoms and signs The following paragraphs present m summary 
Banti’s onginal descnption of his climcal observations The sequence 
of events he recorded is rarely seen The climcal symptoms and signs 
are simpl}’^ those of anemia, splenomegaly, unusual bleedmg (most 
frequentlj’- from esophageal vances), altered portal blood flow and 
hver disease, symptoms and signs which may be seen m a vanety of 
diseases 

* Fello'w m the Medical Sciences of the National Research Council 
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ORIGINAL COMMUNICATIONS. 

CHJJONIC SPLENIC ENLARGEMENT WITH RECURRING 
GASTRO-INTESTINAL H EMORRHAGES 

By W ILLIAM OSLEn, M D , LL D , P R S , Profcsso) of Medicine, 
Johns Hopkins Unvieisity, Ballimoic 

E\CLuni\c. the enl.uged spleen of Icjik.i mu, chidilic mal.uia, 
mrliosis of the livei, he.iit tlisense, .iiul lukets, the cases oI ho- 
i.illecl priiniti\e enlaigemeut of the oig.in f.ill into two gioups 
Piist, a senes m wliuli the sjdeen js eiil.ugotl witliniifc caiisjjig 
.111} symptoms, otliei than those due to meiluimalpiessme Intlie 
past tew yeai-s I have seen foui patients, all women, app,ucntly in 
lieifect Iiealth, wlio eompl.iined only of a feeling of piessiiic in the 
abdomen, in all of wliom the spleen w.is niiiili enlaiged In two 
cases 111 which the oigaii was tiecly iiioialile and laiiscd a gieat 
deal of discomfoit, my colleague H.ilsted ojieiicd the .ibdomen and 
siucossfully packed the spleen in iKisition witli gau/e,an opeiation 
much less serious than splenectomy and \eiy ellicacious Botli 
these patients have been seen inoie than two jcais sulisequent to 
the opeiation, and have remained quite well In a thud case, a 
gill was sent into the gymccological dcpaitment, supposed to have 
an ov'ariaii tumour She was lobiist and stiong, with good colom, 
.ind ha<l licen haid at woik She subsequently had a twist ot the 
ligaments and sphacelus of the siileen, withehoimous enlargement, 
adlicsion to the abdominal wall, ledness, and iiiHammatioii The 
oigan was fieel} incised li} Halsted, and an enoinious quantity of 
neiiotii spleen tissue lemoved, the patient made a good lecoveiy 
This condition is, I think, more common than we suspect The 
spleen is, as .i lule, only modeialely enlaiged In some cases there 
has been a history of past inalaiu, but in a ma)oiity the condition 
Is one (»f,,so fai .is we can tell, piimaiy enlaigenieiit It must not 
be loigotten that only a blood examination c.iii deteimine whethei 
or norsiich ]tatients have lenk.uiii.l, since in this disease, as is well 


47 , 441, 1899 
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Banti (19, 20, 21) descnbed three clinical phases Phase I was termed the 
preascitic or anemic stage He believed that the enlargement of the spleen alii aj s 
preceded other signs and sjauptoms Usuallj the onset was insidious with mcreas- 
mg pallor, eas> fatigabihtv, palpitation and d>spnea, occasionallj there was ankle 
edema if anemia were severe Epistaxes were frequent Sometimes pam or a 
feelmg of weight m the left hj-pochrondnmn led to the discover} of a large spleen 
and anemia Characteristically the spleen w as not tender or pamful (unless per- 
isplenitis occurred) The splenic enlargement gradually mcreased until, infre- 
quentlv, the organ reached the pelvnc bnm Banti thought brief episodes of fever 
and chiUs were not uncommon in this penod Although he demed evidence of 
hepatic disease durmg this stage, his only dimcal catena were mability to detect 
hepatic enlargement, jaundice, endence of portal collateral circulation or mcreased 
urobihn m the unne In his opmion, this stage of the disease lasted usuall} from 
1 to 4 } ears or longer Phase II n as ushered m by gradual enlargement of the hver 
until It extended tn o to three fingerbreadths below the costal margm The anemia 
mcreased No asates was apparent The spleen did not enlarge further Jaun- 
dice was observed onl} occasionally, and was thought due to hver damage and not 
to mcreased blood destruction The urme was found to contam urobihn and some- 
times bilirubm Banti thought this period lasted generally only a few months 
Phase ni was characterized by asates, associated with a decrease m the size of 
the hver Jaundice appeared The spleen remamed unchanged m size Anemia 
maeased m seventy Gastromtestmal hemorrhages were common Urmar}' bile 
pigments mcreased m amounts Death in these cases was ascnbed to either gastro- 
mtestmal hemorrhage or hepatic insufficiency Chnicall} Banti considered the 
third phase mdistmguishable from atrophic (alcohohc) cuxhosis He diSerentiated 
these cases from what he called splenic anemia because thev progressed from a state 
of splenomegaly with anemia to one characterized by marked hver damage with 
cirrhosis, jaundice, collateral portal circulation and gastromtestmal hemorrhages 

Criticisms of Banti’s ongmal climcal descnption have been frequent 
Eppmger (22) emphasized the extreme ranty of such a climcal history 
In his wide experience he had seen only one possible case McNee 
(23) stated that he never saw a case agreemg really closely with the 
sequence of events ongmally descnbed Furthermore, clmical states 
similar to the last or third phase as descnbed by Banti have been ob- 
served in association with Laennec's cirrhosis (24), syphihs (7, 24, 26) 
“healed acute yellow atrophy” (27), schistosomiasis (28), hemochroma- 
tosis (2/), post traumatic abdommal lesions (10, 12), aneurysms of 
the splemc artery (29, 30), cavernous transformations of the splemc 
vein (31), developmental anomahes of the portal system (30), throm- 
bophlebitis of the portal and splenic vems (32), thrombosis of the splemc 
and portal system (12, 33, 34), persistence of the umbihcal vem (35), 
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polycythenua (36), extension of the thrombosis of the umbihcal vein 
at birth to involve the portal system (32, 37), obstruction of flow by 
penportal adhesions or extnnsic abdoimnal masses (34, 38) and in- 
fectious hepatitis (39) To expect one characteristic sequence of 
clinical events does not therefore seem logical Rousselot (12) drew 
the conclusion that the clmical picture represents a heterogenous group 
of cases better called Banti’s syndrome than Banti’s disease 
Recurrent hematemesis or melena is not uncommon, occurnng in 
about one-half of the cases diagnosed as Banti’s syndrome (40, 41) 
Sometimes such gastrointestinal hemorrhage occurs without previous 
appearance of any other signs or S 3 miptoms (13) Epistaxes of severe 
degree in these cases are not infrequent (11, 19) and may be the 
only evidence of unusual bleeding (12) There seems to be no direct 
correlation between epistaxes and platelet count (12) Purpura 
occurs occasionally (4, 25, 42), may be recurrent (2) and assoaated 
with bleeding gums and ecch 3 Tnoses (40) 

Commonly, due to the enlarged spleen, the imtial complamt concerns 
a mass in the abdomen (11) Usually, the spleen is qmte firm and is 
not tender Its size has been reported as varying inversely with the 
age of the patient (43) Splenic enlargement may decrease transiently 
after a severe gastromtestmal hemorrhage (12) Occasionally a 
friction rub or a thrill may be palpable over the spleen and a bruit may 
be heard (44) Transient, sometimes severe, abdommal pain occurs 
(11) and may be due to infarctions with pensplemtis or a twisted 
splemc pedicle When hepatomegaly is present the enlargement is 
not great unless schistosomiasis is the etiological factor 
Although ascites occur m about one-third of the cases (14) enlarge- 
ment of the peripheral abdormnal vessels is rarely noted (11, 20) 
Osier (2) reported that one patient (Case IX) had three separate se- 
vere episodes of asates though at autopsy there was no cirrhosis of 
the hver, RoUeston (44) observed ascites m the absence of cirrhosis 
Ravenna (45) considenng the possible etiology of the syndrome stressed 
the rapid disappearance and recurrence of ascites m certam cases 
In the presence of splenomegaly and ascites anorexia is common, 
nausea and vomitmg and diarrhea are infrequent (12) Cardiac s)mi- 
toms seldom appear unless the anemia is severe (12) Dyspnea, pal- 
pitation and precordial distress may then develop in that order De- 
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pendent pitting edema of mild degree is common Unnar}’- symptoms 
are extremelj rare although hematuria has been obser\’-ed (2) Penph- 
eral Ijunph-nodes are usually not enlarged Weight loss in one 
senes of fwent3'-two patients averaged only about five pounds (11) 
Osier (2) and Giffin (46a) commented on melanoderma m several of 
their cases A skm biopsy of one such patient failed to reveal any 
iron-contaimng pigment Such skin pigmentation may have resulted 
from extensive use of Fowler’s solution which was then m therapeu- 
tic vogue Spider hemangiomata (5, 39) have been descnbed 

in 

Laboratory Data These indicate that there is nothing charactenstic 
about the anemia, bone marrow or penpheral blood differential count 

Usuallj'^ these cases show a moderate hypochroimc or normochromic 
normocytic anemia (14, 46) Banti stated the red blood cells gener- 
allv' range from 3 to 4 milhon per cubic rmllimeter In three large 
senes of cases (4, 11, 17) the red blood ceU count averaged 3 49 million 
per cubic milhmeter and in tw'o of the senes the hemoglobm averaged 
54 per cent with a color mdex of 0 62 The majonty of Larrabee’s 
forty-seven cases (27) showed a microcytic anemia but macroc^dic 
anemia has been observed (14, 47, 48) Wnght (48) reported a case 
displaying a transition from a hypochromic microcytic anemia to a 
macrocy^tic anerma Poikilocytosis and amsocytosis are reported 
frequent^ and poly'^chromatophiha occasionally The reticulocyte 
count may" be normal although reticulocytosis does occur (46, 49) par- 
ticularly" after hemorrhage Although Banti emphasized the absence 
of nucleated red blood cells m the penpheral blood (19) these have 
been reported frequently" with this diagnosis (11) 

Banti observed leucopema and granulocy"topema with occasional 
absolute decrease m lymphocy tes The monocytes may show a rela- 
tive or even absolute mcrease (20) Blast forms of the white blood 
cells in the penpheral blood have not been descnbed m any of several 
large senes of cases (4, 11, 12, 17), although “my"eloid unmatunty” 
has been reported (50) The leucocyte count is usually" below 5,000 
(14) av eragmg 4 616 for the patients m four large senes (3, 9, 11, 20) 
The white blood cell count may be as low as 320 per cubic millimeter 
(51) PoUowmg sudden hemorrhage the count may" exceed 12,000 
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per cubic milbmeter (2) and after splenectomy the white blood cell 
count may rise to very high levels and remain elevated for the remain- 
der of the patient's hfe (12) 

The platelet count is frequently decreased (42, 46, 52) Occasion- 
ally, however, it may be normal or relatively high (31, 53) Cases of 
Banti’s syndrome with no decrease of platelet count have been called 
“thrombocythemic” by Rosenthal (25) He reported that m such 
cases splenectomy was followed by a very rapid nse and permanent 
elevation of the platelet count In two of his cases the count re- 
mained over 1 million and in another it ranged from 600,000 to 800,000 
for two and one-half years following splenectomy Platelets two to 
four times normal size may be seen occasionally in the peripheral 
blood (25) The significance of the apparent lack of correlation be- 
tween platelet counts and bleeding tendencies in such cases cannot 
be evaluated in the absence of simultaneous data on prothrombm times 
(25, 42) However, Morlock and Hall (42) have reported a case of 
hepatosplenomegaly associated with bleeding tendencies with a plate- 
let count of 56,000 to 68,000 and a normal prothrombin time To- 
cantins (54) concluded the bleeding tendency was due to both throm- 
bocytopenia and hypoprothrombinemia Even m the absence of the 
Banti syndrome liver disease may be associated with thrombocytopema 
(42, 55-60) Increased capillary fragihty has been observed (25) 

Coagulation time and clot retraction, when studied, have been found 
usually within normal range (12, 46) However, Rosenthal (25) ob- 
served impaired clot retraction in a few cases and its actual absence 
in one Osmotic fragihty of the red blood cells is frequently normal 
(12, 61, 62) However, Boulton (49) observed increased osmotic fra- 
gility, though at the time the reticulocyte count was 30 per cent 
McMichael (51) carried out osmotic fragihty studies m fifteen cases 
In SIX the fragihty was normal, in seven it was decreased and m two 
it was increased, with hemolysis beginning at 0 55 per cent to 0 6 per 
cent saline 

Banti (20) reported in his autopsied cases an increase of the amount 
of “red" marrow with many nucleated red blood cells Dock and War- 
tbin (63) described an increased number of normoblasts m the marrow, 
numerous phagocytes containing blood pigment and an occasional 
giant cell An increase in erythropoiesis has been observed by others 
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(2, 64) Segerdahl (65) has reported marrow from one case as hy- 
perplastic mth immature erjilirocjiic and normal m^elocj^tic cells 
IMendell et al (66) reported there were no charactenstic marrow 
changes in the three cases they studied H3’poplasia of the marrow 
also has been described as charactenstic (13) Limarzi et al (50) 
reported m detail on the bone marrow and blood in several cases of 
Banti’s sj-ndrome In the earhest stages the marrow displayed a 
mjelocj'tic hyperplasia while in the penpheral blood there was a 
moderate anemia and leukopema Later in the disease the marrow 
shoved maturation arrest of the mj-^elocytic and megakar^mcj’-tic 
tissue with leukopema, neutropema and thrombocj'topema and myelo- 
q tic immatunt} in the penpheral blood In the last stages of the 
condition, when arrhosis of the hver was severe, they observed marked 
immatunty of both the erythrocytic and m5'^elocytic senes 

Paihogcnesis In the foUowmg paragraphs Banti's opmion of the 
pathogenesis of this sjmdrome is presented for its histoncal mterest 
The endence for considenng mcreased portal and splemc vem pres- 
sure as the “common denommator” is outhned, as weU as the vanous 
possible causes for such hj-pertension that have been suggested It is 
pointed out that if such portal or splemc vem hypertension occurs m 
these cases its relationship to the anemia, leukopema and thrombocy- 
topenia remams unexplamed Although blood loss from vances and 
impaired hepatic function have been considered important factors it 
is possible the spleen itself maj’- have an etiological role A vanety ' 
of evidence is considered suggestmg that the spleen may destroy cel- 
lular elements of the bloo d evcessivelv%.oiLJnav.inhibit-liematopoiesis 
Several possible objections to these mterpretations m this syndrome 
are then presented No conclusion is warranted with the present ev^- 
idence about the exact role of the spleen m this syndrome 

Onginallv Banti (21) considered the svndrome the result of a “poison” produced 
in the spleen In his last long article (20) on the subject he stated that some “m- 
fectious ’ agent probabh reached the spleen through the artenal blood supph and 
caused pnmanlv penartenolar lesions (which, when extensive, he called ‘fibro- 
adenie’) He mamtamed his ongmal opuuon that the splenic lesions and enlarge- 
ment were not secondarv to am hver disease and listed five reasons for differenti- 
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ating his entity from that of Laennec’s cirrhosis (21) His reasons for considermE 
hyer disease as ab^en^n the early stage have been presented and are not adequate 
m the light of p_r«ent_daykno\^edge_^ His mam premisVfw ronsMeringT^^ 
ah etiofogicanactor was his impression that splenectomy was curative 

Banti listed three observations from which he concluded the anemia was not due 
to increased blood destruction (1) Microscopic examination of the splenic juice 
rarely showed any phagocytosis of red blood cells (2) There was no mcreased 
pigmentation m the organs at autopsy (3) There was no mcrease m number of 
nucleated red blood cells m the splenic pulp or extramedullary erythropoiesis 

As early as 1904 Dock and Warthin (63), following observations on 
two cases of portal obstruction, expressed the opinion that the splen- 
omegaly of Banti’s syndrome was the result of obstruction of the por- 
tal and splenic veins Wallgren (37), m a discussion of a variety of ex- 
trahepatic lesions associated with portal vein obstruction, pointed out 
the similarities between such cases and those diagnosed as Banti’s 
syndrome Several others (27, 38) described the Banti syndrome as- 
sociated with various abdominal lesions obstructing the venous out- 
flow of the spleen Rousselot (12) and Thompson (34), after review- 
ing a large number of cases diagnosed as Banti’s syndrome, came to 
the conclusion that venous obstruction was the “common denomina- 
tor ” Splemc vein pressures have been reported markedly elevated 
(67) m several cases of Banti’s syndrome In fourteen cases the 
splemc vein pressures ranged from 225 to over 500 millimeters of saline 
However, twenty-two out of fifty-five carefully studied cases failed 
to show any obstructive factor (68) 

Other possible causes of increased splenic vein pressure besides por- 
tal and splenic thrombosis have been described Herrick (69) per- 
fused normal and cirrhotic human livers through the hepatic artery 
under controlled pressures and measured the amount of fluid flowmg 
from the portal vein He concluded there was freer communication 
between the hepatic artery and portal vein m cirrhotic than in normal 
livers and that this communication probably was an important factor 
by which the arterial pressure could increase the portal pressure in the 
presence of cirrhosis of the liver Mclndoe (70) was unable to confirm 
Herrick’s studies However, Dock (71), on the basis of perfusion ex- 
periments, concluded that in cirrhosis there was damage to the intra- 
hepatic arterioportal anastomoses and that m some cases the artenal 
pressure probably contnbuted significantly to the portal vein pressure 
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Johnston (43) made camera lucida dravnngs of the terminal portal 
sheatlis and the immediately accompanj mg hepatic artenoles in ten 
cases dying of acute infection and four previously diagnosed as Banti’s 
syndrome The average ratio in each case of hepatic arterj' lumen 
(Ha) to portal vein lumen (Pv) circumference was calculated (Ha-Pv) 
and found decreased in the Banti sjmdrome cases There appeared 
to be no relationship between the changes in Ha-Pv ratio and fibrosis 
of the liver Johnston concluded that constnction or reduction of 
the size of the portal venules was not simply the result of compression 
by contractmg scar tissue since as much or more reduction was noted 
m hv^ers with little fibrosis as in those most extensively sclerosed The 
size of the spleen was inversely proportional to the size of available 
vascular bed IMclMichael (72, 73) has suggested two other possible 
causes of increased portal pressure (1) vasodilatation of the hepatic 
arteiy and arterioles and (2) vasospasm of the portal vem Burton- 
Opitz (74) demonstrated sudden marked nses m portal pressure fol- 
lowing the injection of small amounts of adrenalm into the portal 
v’^ein of dogs The slight nses m artenal pressure were not proportional 
and ’acre more delayed He mterpreted this observation as support- 
mg the idea that mtrahepatic portal radicles have a constncting ca- 
pacity This conclusion has been substantiated by other expen- 
ments (75, 76) However, Popper (77) has shown that the walls of 
the portal vein radicles of man have much less smooth muscle than 
those of dogs 

Even if one assumes that elevated portal or splemc vem pressure 
IS the “common denominator” in these cases, the actual mechanism of 
influence on the hematological tissues must be explamed Sturgis 
(14) considers the hver impairment and the blood loss from vances 
adequate reason for the anemia 

It has been assumed the elevated splenic vein pressures are asso- 
ciated with an increased amount of hemostasis m the spleen Numerous 
experiments suggest that this may damage the red blood cell Ham 
and Castle (78, 79, 80) have repeatedly emphasized the role of stasis 
in vanous anemias Bolt and Heeres (81) demonstrated that red 
blood cells in the splemc vem showed decreased resistance to hv-po- 
tonic sahne Heilmever (82) found that red blood cells become 
spheroidal dunng passage through the spleen Bergenheim and Fah- 
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raeus (83) emphasized the effects of stasis in vitro and suggested the 
same effects might occur m the spleen They found that incubation of 
defibrmated blood at 37°C without stirring caused spherocytosis 
From incubated serum Bergenheim and Fahraeus isolated a water- 
soluble, ether-insoluble, phosphorus-containing hemolysin They as- 
sumed from further work with cobra venom containing lecithinase and 
enzyme mhibitors that “lysolecithin” was formed during sterile incu- 
bation of serum or citrated plasma Two possibihties were suggested 
to explain the lack of spherocytosis occurring m incubated blood if it 
vere continually agitated either lysolecithin was not formed (pre- 
sumably due to inhibition of serum lecithinase) or if formed, was im- 
mediately inactivated as a result of the circulation and contact of the 
serum or plasma with the red blood cells Fahraeus (84) later quoted 
some of Knisely’s experiments (85) to support his contention that 
such effects could occur in vivo m the spleen Knisely studied the 
splenic vascular circulation of mice, rats and cats by direct visuali- 
zation He found the splenic sinuses capable of storing and concen- 
trating red blood cells Storage and concentration of red blood cells 
m the spleen of ammals had been demonstrated previously by several 
other workers (86, 87, 88) Splenic storage of red blood cells may not 
be always intrasinusoidal (88a, 88b) Watson and Paine (89) were the 
first to show an increase in hematocrit in the splenic vein m man after 
the administration of adrenalin, thereby demonstrating a storage of red 
blood cells in the spleen Among the nine cases they studied was one 
diagnosed as cirrhosis of the liver with congestive splenomegaly Be- 
fore injection of adrenalin the hemoglobin, hematocrit, red blood cell 
count and osmotic fragility of the red blood cells m blood removed 
simultaneously from the splenic artery and vein were practically iden- 
tical However, after the injection of adrenalin into the splenic ar- 
tery, the splenic vein hemoglobin, hematocrit and red blood cell count 
rose dramatically and tlie osmotic fragility of the splenic vein red blood 
cells increased Of even greater interest was the observation that the 
mean corpuscular hemoglobin concentration in the red blood cells of 
the splenic vein decreased Watson and Paine suggested that during 
hemoconcentration and stasis in the spleen there was actual intra- 
cellular degradation of hemoglobm A wide variety of other evidence 
has been interpreted as suggesting that the spleen is capable of alter- 
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mg and presumablj^ damaging red blood cells passing through or stored 
withm it Rich and Rienhofi (90) observed a higher serum bihrubin 
content in the splenic vein than m the splemc artery , indicating red 
blood cell breakdown within the spleen The Ijsolecithin content of 
splenic blood has been found higher than that in penpheral blood 
(47) Gnpwall (91) isolated from the spleen a hemoljtic substance 
similar m chemical properties to l>solecithm Wasastjema (92) re- 
ported that a heterologous anti-red blood cell serum -mth agglutmating 
and hemolyzing activity was more effecti\e in normal than in splen- 
ectomized animals Granick (93) observed an increase in non-hema- 
tm iron in red blood cells within the splenic tissue of horses 
However, the importance of the role of passu e congestion in the 
spleen as an etiological factor in this sjndrome has been questioned 
since the time of Banti himself Dawson (94) reported that of one 
hundred and seven cases of thrombosis of the portal and splenic \ eins 
found at autopsy only thirty had splenomegaly, and of these onh eigh- 
teen had had the chnical picture of “splenic anaemia’ He concluded 
that such thrombosis of the portal and splemc sjstcm is not fre- 
quently associated mth this syndrome Attempts to produce it ex- 
perimentally by interfering i\ith the portal circulation ha\e failed 
(72) Warthin (32) ligated the splenic x cm but atroph\ of the spleen 
resulted Although Jagcr (95) produced slight splenic enlargement 
by mtermittent splenic and collateral \em obstruction in dogs, the 
spleen never exceeded the dimensions attained in the initial conges- 
tion Rousselot and Thompson (96) produced cirrhosis of the liver, 
splenic vein hjqiertension and splenic enlargement m dogs after re- 
peated injections of silicon dioxide (silica) into the splenic xem No 
hematological studies i^erc reported Burton-Opitz (74) stated in 
one of his numerous papers on experimental studies of the portal cir- 
culation that increases m portal \em pressure were not necessanlj 
associated mth any decrease m portal flow IMcMichacl (72) con- 
cluded from his observations and those of Jager (95) that enlargement 
of the spleen m excess of 500 grams m a human adult must mvolxe 
some factor other than mere passix^c congestion ^IcMichael (72), 
Menon (97) and Cameron and deSaram (9S) haxTJ insisted that hjqier- 
plasia of the pulp cells and endothelium indicates that some factor m ad- 
dition to passive splenic congestion is of etiological importance 
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Ravenna (45) concluded on 'the basis of six premises* that portal 
obstruction and splenic passive congestion were not necessary factors 
in this syndrome, but that instead, splenic arteriolar dilatation and ac- 
tive hyperemia occurred As early as 1902, Barr (100) suggested that 
the splenic changes m Banti’s syndrome were due to splanchnic vaso- 
motor paresis He reported marked alteration of the semilunar gan- 
glia of his three cases lymphocytic infiltration with fatty and pigment 
“degeneration” of the ganglia cells If there were sufficient increase 
in arteriovenous communications and blood flow in the spleen to cause 
marked congestion and increased portal pressure the blood volume 
might increase Blood volume determinations apparently have not 
been done with this possibility in mind In support of a splenic ar- 
teriolar lesion are the observations reported by Bouchard during his 
discussion of one of Osier’s papers (5) on splenic anemia He had 
noted m some patients with cirrhosis of the liver and splenomegaly the 
simultaneous occurrence of a murmur over the spleen, clubbing of the 
fingers and numerous spider hemangiomata He reported that the 
hemangiomata and splenic enlargement occasionally receded together 

Doan (101) has stated that, although the anemia observed in the 
Banti syndrome is probably due partially to blood loss from esopha- 
geal and gastric varices, increased sequestration and destruction of 
white blood cells and platelets in the spleen may account for the leu- 
copenia and thrombocytopema He has been impressed by the rel- 
ative lack of leucocytosis following severe gastrointestinal hemorrhage 

* (1) Ravenna reported twelve cases of splenic and portal vein occlusion i\ith 
out splenomegaly (2) Some cases diagnosed as Banti’s syndrome have notshoivn 
any obstruction in the portal system even though tlie splenic vein pressure was 
high (3) Frequently lesions have been found about the splenic arterioles suggest- 
ing these may have been the primary site of change causing splenomegaly and ele 
vated splenic and portal vein pressures (4) By denervation of the spleen (99), 
splenomegaly has been produced in dogs, indicating again a splenic vascular change 
as a potential cause of such enlargement (5) Transient recurrent episodes of 
ascites with sudden onset and rapid disappearance have been reported, suggesting 
a reversible process as the cause (6) Lastly, Ravenna pointed out that dilatation 
of portal vessels may occur on the hepatic side of a localized obstruction in the 
splenic or portal vein mdicatmg an increased and not such a decreased blood flow 
as one might logically assume to occur with thrombosis He concluded that in 
such cases the thrombosis may have been secondary and not primary 
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m such patients Doan and Wnght (102) stated that increased phag- 
ocytosis by splenic macrophages can be incnminated in all cases of 
“hypersplenism” Doan (103-105) and Wiseman and Doan (106) 
reported that the reticuloendothehal cells of the spleen may occasion- 
ally phagocytize red blood ceUs, platelets and granulocytes excessn ely 
m a selective or mdiscnminate manner ]Menon (97) obserx'-ed in- 
creased eiythrophagocytosis m the spleens of rabbits and rats pre- 
viously mjected with manganese dilonde and seneciomne In 1911 
Lintwarew (107) published some amazing pictures of extreme phag- 
ocytosis of red blood cells m both spleen and liver How e\ er, in ex al- 
uatmg the sigmficance of mtracellular matter m macrophages studied 
m supravitall}’' stamed preparations of splenic tissue it must be remem- 
bered that a certam amount of phagocytosis may occur after death of 
the patient or surgical removal of the spleen Rich (108) has shoxxn 
that ingestion of red blood cells by macrophages can occur m xntro 
Therefore, phagocytosis in such preparations may not necessanlx in- 
dicate excessive phagocytosis in xivo Von Haam and Axvnj (109), 
after studies on fixed smears stained by Giemsa’s method and on smears 
stained by supravital techniques from cases of “hj^jersplenism”, 
concluded there was some increase m number of endothelial cells 
and perhaps a shght mcrease in phagocytosis but the latter actmt> 
could not cause any great destruction of red blood cells, platelets or 
white blood cells 

Some observers have postulated a hj-potlietical effect of the spleen 
upon the bone marrow, presumably due to a splenic hormone (110) 
Shousboe (111) after studying a case of Banti’s sjndrome, concluded 
that the spleen controlled cell emission from the bone marrow Before 
splenectomy his patient showed only occasional nucleated red blood 
ceUs in the periphery but, after splcnectomj, and at comparable 
hemoglobin levels, 34 per cent of the nucleated cells in the peripheral 
blood were of the red blood cell senes Shousboe’s conclusions from 
his bone marrow studies are, hoxxever, open to question because two of 
the sternal aspirations foUow'ed x^ciy severe gastrointestinal bleeding 
Limarzi et al (50), m their studies of tlie bone marrow m Banti’s 
syndrome, found that, although a marked decrease m h 3 'perplasia 
occurred after splenectomy, the anemia improved , the}' concluded that 
a maturation-inhibitoiy substance had been produced by tlie enlarged 
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spleen Pearce, Krumbhaar and Musser (112) reported anemia of 
three to four months duration following splenectomy in dogs, and 
assumed that the transient anemia was due to a loss of some splenic 
factor which ordinarily stimulated erythropoiesis in the bone marrow 
They felt they could shorten the penod of anemia by the administra- 
tion of splenic extracts Leake and Bacon (113) followed the red blood 
cell counts over a period of several days following the administration 
of bone marrow and splenic extracts intravenously to rabbits and orally 
to dogs They concluded that their extracts contained thermostable, 
water-soluble erythropoietic agents, which acted first by increasing the 
rate of production or delivery of existing erythrogenic centers and later 
caused an extension of the functioning red marrow However, the 
hemoglobin levels did not change significantly in their studies Stra- 
domsky (1 14) cited the appearance of Howell-JoUy bodies m circulating 
red blood cells following splenectomy as evidence that the spleen 
affected maturation Although Dameshek and MiUer (115) suggested 
a possible hormonal mechanism inhibiting megakaryocytes from pro- 
ducing and releasing platelets in some cases of thrombocytopemc 
purpura, they found that in cases of splenic vein thrombosis and 
cirrhosis the megakaryocytes of the bone marrow were increased m 
number and platelet production seemed normal 
It should be pointed out that, if the spleen forms some factor in- 
hibiting bone marrow activity, which, it has been suggested, may be 
formed m excess m cases of "hypersplenism", it seems odd that the 
spleen so frequently becomes one of the first sites of hematopoietic 
metaplasia Furthermore, if the spleen forms some factor stimulating 
maturation, and inhibiting release, of very young hematopoietic cells 
it IS rather contradictory that so many blast forms occur frequently in 
the peripheral blood in some cases in which the spleen has become one 
of the mam sites of blood formation (116) 

The suggestion (117) of streptothrix being demonstrable in the spleen 
and, therefore, being the cause of the Banti syndrome is of histoncal 
mterest only, such histological appearances were not due to fungus (72) 
Nor are the experimental studies (118) on the possible relationship of 
infection to the syndrome admissable in light of present day knowledge 
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V 

Pathology of the spleen According to the following descnptions the 
splenomegaly is frequently associated with microscopic evidence of 
recent or old hemorrhage, most marked around the pemciUar arterioles 
which may be occluded There is commonly an increase of connective 
tissue in the splemc pulp and around the malpighian foUicles The 
cellular elements of the pulp may or may not mcrease The splenic 
vessels and portal vein may be dilated, tortuous and sclerotic and the 
vems ma}’’ even be thrombosed Whether such a histological picture 
IS associated with any imusual splenic function is unknowm 

Banti (19-21) descnbed lesions in his cases m the spleen and hver, and frequentli 
m the splenic and portal \ eins He stated that, t>’picallj , the spleen was enlarged, 
smooth and of normal shape, the capsule was often unchanged or occasionalb 
thickened, the weight nas seldom below 1,000 grams but might be as large as 3 
kflograms On section the parenchyma appeared firm and red and the malpighian 
bodies were usually easily seen Banti applied the Icrtn "fibioadenie” to the 
fibrosis observed around tlie malpighian foUidcs and thought that the fibrosis re- 
sulted from localized adenitis or inflammation of each follicle, extendmg into the 
pulp and folhde as the condition progressed until occasionallj in the last stage some 
folhdes became only sdcroUc nodules As the fibrosis of the splemc reticulum 
increased the splenic smuscs became smaller Dunng the second dinical phase 
Banti behe\ ed that mtrahcpatic branches of the portal \ ein became thickened and 
sderosed Curhosis of the Iner was obscrv’cd in the third and last phase of the 
disease and was considered bj Banti as indistinguishable from the portal arrhosis 
of Laennec He did not observ e siderosis in cither the spleen or h\ er Banti re- 
ported patches of “chrome sderotic cndophlebitis” in the splenic, portal and 
mesenteric vems, but, he did not describe complete tlirorobosis of the splenic or 
portal vems in any of his cases (23) As the most extensive lesions were usuallv 
seen in the perifollicular area and w ere occasionally associated witli hv aline changes 
of the pemciUar arterioles which supply the area, Banti assumed a lesion of the 
artenole to be primarj' 

After studying some of the splenic sections from Banti’s ongmal 
cases Durr (119) came to the conclusion that the changes descnbed 
were mdistmguishable from those seen in cases of hepatic cirrhosis 

MacCallum (120) described tlie appearance of the spleen from three 
patients of Osier’s senes (3) A few non-calcareous thrombi were 
found m the branches of tlie splenic vems of one case though the 
splemc vein itself appeared normal Microscopically there was a great 
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increase m connective tissue in the pulp area The malpighian 
follicles were less numerous than in a normal spleen but MacCallum 
suggested that the apparent diminution m number was due to the 
enormous increase m size of the red splenic pulp, consisting almost 
entirely of matted thick-walled venules Many of the follicles were 
normal m appearance though some were very small, no sclerotic process 
as described by Banti was observed about them Rounded mononu- 
clear cells closely resembling plasma cells were abundant, eosmophils 
were numerous and polymorphonuclear cells and multinucleated 
giant cells were seen occasionally MacCallum observed no extra- 
vasation of blood with hemosiderin formation and no marked widening 
of the venules He did not think such splenic enlargement and indura- 
tion simply followed chronic passive congestion Menon (97) , Cameron 
and deSaram (98) and Von Haam and Awny (109) have commented on 
the reticuloendothelial h 3 rperplasia m the splenic pulp in cases of the 
Banti syndrome and have concluded that such a histological feature 
is not seen in simple chronic passive congestion of the spleen Chaney 
(11) reported the average weight of the spleen m sixty-mne cases was 
950 grams with extremes of 120 and 2290 grams He observed splenic 
infarcts in five cases studied The average diameter of the malpighian 
folhcles was less than normal bemg 0 35 millimeters Klemperer (121) 
stated that the size of malphighian follicles varies inversely with the 
age of the patient 

McMichael (72), after the pathological study of forty-five selected 
cases of splenomegaly, concluded they could be divided into two 
groups (1) one m which cirrhosis of the liver was accompanied by 
splenomegaly and (2) one in which, although obvious cirrhosis of the 
liver was absent, the enlarged spleen showed pathological features 
identical with those in the first group He described a variety of 
splenic lesions all of which he concluded denved from two types of 
changes (1) hemorrhage about the penicillar artenoles which supply 
the perifollicular area and, (2) prohferation of reticuloendothehal 
cells Sites of old hemorrhages called “siderotic nodules” were often 
visible grossly as rusty yellowish spots on the cut surface of the spleen 
and showed microscopically a small, central, frequently hyalinized, 
artery surrounded by a zone of connective tissue and masses of golden- 
yellow iron-containing pigment Such lesions have been described by 
others and called “tobacco nodes of Gamma-Gandy” (121) 
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Moschowitz (122), assuming the splenomegaly of the Banti syndrome 
was always due to portal hypertension, hsted the histological changes 
observed m the spleen at vanous stages followmg the onset of such 
hypertension At first, hemorrhage about the malpighian follicles 
occurred and the smuses were m\asible because of engorgement of the 
pulp with red blood cells Later dilated venous sinuses were observed 
which subsequently became smaller as prohferation of the cells m the 
mtersmus pulp or Bilroth cord areas occurred and fibrosis appeared 
The walls of the smuses became progressively thicker and the pulp 
cells assumed more and more the appearance of fibroblasts The 
fibrosis encroached on the foUicles until they diminished markedly m 
size Although the smuses remained small they occasional!}’- were so 
promment m number that the sections resembled an angioma Foa 
of hematopoieses were observed Klemperer (121) has stated myeloid 
metaplasia is occasionally seen m the spleen in cases of splenic or portal 
vem thrombosis 

The possibility should be considered that the splenic lesion m some 
cases of so-called Banti syndrome may be comparable to the spider 
hemangiomata seen in the skin of some of the cases However, m- 
creased splenic flow alone may not cause this syndrome for cavernous 
hemangiomata of the spleen, seen usually in adults before the age of 45 
years, need not be assoaated ivith the symptoms of the syndrome (123) 
and the splemc tissue surrounding the hemangioma may be quite 
normal 


VI 

Clinical course and therapy The clinical course depends usuallv on 
the seventy of gastrointestinal bleeding and the degree of liver damage 
Statistically splenectomy appears the most effective treatment, though 
it IS not always successful The younger the patient and the less 
the degree of liver damage the more likely splenectomy will be bene- 
ficial 

Generally the clinical course occupies several years Vanous signs 
and symptoms and laboratory data have been listed as indication for or 
against splenectomy Hanrahan (13) concluded that, with evidence 
of an appreciable degree of liver damage, the late prognosis w’as rarely 
improved by splenectomy and this slight chance had to be w’eighed 
against a high immediate postoperative mortality However, if there 
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were evidence of only slight hepatic damage, removal of the spleen 
arrested or delayed the cirrhotic process Iji his experience, macrocy- 
tosis indicated a poor prognosis with or without operation, but the more 
marked the leukopenia and the lower the color index the more likely 
would splenectomy be beneficial Chaney (11) reported twelve 
postoperative deaths in a senes of sixty-nine and concluded cirrhosis 
of the hver and ascites increased the operative mortahty Of the 
twenty-one cases of splenectomy studied by Ehason and Johnson (124) 
eight died, three from “hver insufficiency” and three from gastnc 
hemorrhage They concluded splenectomy m Banti’s syndrome had 
best be done m an early stage and was indicated later only if the size 
of the spleen made the patient’s hfe miserable 

Rosenthal (25) reported that m those cases with normal or relatively 
high platelet counts thromboses following splenectomy were frequent 
and occasionally fatal In such cases the platelet counts rose post- 
operatively and remained at very high levels for several years In the 
thrombocytopenic group, however, the platelet counts began to fall 
in the third postoperative week and remained at normal or only slightly 
increased levels Rosenthal concluded that a relatively normal plate- 
let count was a definite contraindication to splenectomy Klemperer 
(31), Evans (125) and Moore (53) have also emphasized the dangers of 
postoperative thrombosis in such cases However, Whipple (24) and 
others (12, 126) have stated that such a correlation between preopera- 
tive platelet counts and postsplenectomy thromboses has not been 
apparent 

Rousselot (12, 68), assuming passive congestion of the spleen was the 
common etiological factor, concluded the indications for splenectomy 
and the long term prognosis depended on the nature and seventy of 
the obstruction to splenic flow In the presence of decompensated 
liver disease splenectomy was considered contraindicated The late 
postoperative results m his cases with Laennec’s cirrhosis, portal vein 
occlusion or stenosis were extremely poor (fourteen of seventeen died) 
but in other forms of cirrhosis, splenic vein thrombosis, and in the 
group m which no obstructive factor was found the results were con- 
sidered good (seven of forty-two died) More recently Elliott (126a) 
also has reported that splenectomy is more effective in those cases 
where no obstructive factor is identified In Rousselot’s senes of 
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twenty-one deaths, eight died within si\ montlis after opeiation and 
seven died from one to two years after operation, the longest interval 
between operation and death being over thirteen years Postoperative 
hemateniesis occurred in no case that had not had siidi a sign before 
operation The two leading causes of death were hematcmesis and 
licpatic insufliciency Of eleven cases having hematcmesis after 
splenectomy seven died from c\sanguination In three scries of cases 
undergoing splenectomy the operative mortality ranged from 6 to 11 7 
per cent (33, 41, 127, 128) Mayo (33, 127) stated that only a small 
percentage of patients who have had hemorrhages before splenectomy 
liavc them after operation Three of his cases developed thromboses 
of the superior mesenteric and portal veins postoperatively super- 
imposed on a rccanahrcd splenic vein thrombosis Davis (129) has 
also reported postsplcncctomy portal vein thrombosis 

Pemberton (41) reviewed one hundred and si\ty-sevcn cases of splenic 
anemia and Banti’s syndrome which were subjected to splenectomy 
Of the one hundred and fifty-one patients surviving the immediate 
effects of tlie operation (operative mortality of 9 6 per cent) eighty were 
living at tlic time of the followup, three of them eighteen years after 
operation Fifteen were still living ten to fifteen years after operation 
while ten of the si\ty-cight patients surviving the operation but dying 
later lived for more than nine years Although many of the causes of 
death were not attributable to tlic disease itself more than a third were 
directly attributable to hemorrhage The operative mortality of those 
younger tlian forty years was only half that of the patients over forty 
years of age Pemberton concluded that operation was of great benefit 
in many instances even in the late stages of the disease and that 
increased hepatic regeneration occurred following splenectomy There 
seems to be general agreement that if splenectomy is of value its effect 
IS moie marked if performed early in the clinical course and before there 
IS prominent evidence of liver disease (13, 17, 33, 127, 94, 24, 11, 124, 
130) Mayo (33) stated splenectomy was the only curative treatment 
and Banti (20) thought splenectomy prevented progression of liver 
disease 

However, McMichael (51), in a study of ten cases before and on the 
average of two years after splenectomy found the hemoglobin concen- 
tration to have changed only from an average of S3 3 per cent to one of 
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64 8 per cent Furthermore, he found in a senes of thirty-seven cases 
of splenectomy that the mortality was 30 per cent He also observed 
cases m which hver disease continued to progress after splenectomy, 
leading to a fatal termination Gifidn (46a) also reported one case 
developing clinical evidence of cirrhosis of the hver one year after 
splenectomy Sturgis (14) concluded that there was no advantage 
from splenectomy and the idea that splenectomy averted liver disease 
was untenable 

Bryce (126) and Evans (125) recommended splenic artery ligation 
m this condition Such ligation has been successfully done with 
apparent recovery from the signs and symptoms (131) However, in 
one patient so treated, although gradual diminution of the spleen size 
occurred with a concomitant increase m leukocyte level, the S3miptoms 
persisted, the clinical course with recurrent esophageal hemorrhages 
and progressive hepatic cirrhosis was not altered (101) Ligation of 
the splenic artery should be followed by transection to prevent re- 
canalization Coronary vein ligation and omentopexy have been used 
to supplement splenectomy (41) Injection of esophageal varices with 
sclerosing fluids after splenectomy has been suggested by Tocantins 
(54) Portal shunt operations have been recommended (132) Al- 
though deep x-ray and radium have been used over the spleen such 
treatment is said to be ineffective (101) 

Medical therapy has been considered (14) as successful as splenec- 
tomy Diets with ample amounts of proteins and including yeast or 
whole liver with large amounts of iron have been recommended 
Davidson (133) observed marked nses in hemoglobin following oral 
iron therapy In the five patients he studied the hemoglobin rose 
from an average of 30 per cent to one of 80 per cent One splenecto- 
rmzed patient’s hemoglobin remained at 45 per cent until iron was given, 
following which the hemoglobin rose to 94 per cent Such observations 
are excellent evidence that blood loss may account to a great extent for 
the anemia in some cases DeLangen (61) found impaired iron absorp- 
tion m one case that improved after splenectomy 

CONCLUSION 

^The Banti syndrome is characterized by anemia, leukopenia, occa- 
sionally thrombocytopenia, splenomegaly and evidence of hepatic 
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INTRODUCTION 

It IS now well recognized that adrenal cortical activity plays an 
important role m regulating the salt and water equihbnum of the body, 
and exerts certam effects upon blood pressure as well Adrenal m- 
sufl&ciency results m the loss of sodium chlonde and water, at times to 
the pomt of extreme dehydration (1), and hypotension is a frequent 
observation m Addison’s disease even after the restoration of elec- 
trol 3 d;e and water balance by appropnate therapy (2) Excessive 
treatment of patients suffenng from Addison’s disease with desoxycor- 
ticosterone acetate produces salt and water retention and later may 
lead to hypertension and cardiac failure (3, 4, 5) 

The evidence that some product of the adrenal cortex plays a part 
m the mechamsm of hypertensive vascular disease is less clear cut 
Goldblatt (6) found that the development or maintenance of elevated 
blood pressure levels m dogs from constriction of both renal artenes 
appeared to depend upon the presence of adrenal cortical tissue His 
findmgs have been substantiated by several investigators (7, 8, 9) 
Rogoff et al (10), on the other hand, reported the persistence of hyper- 
tension m a few totally adrenalectomized dogs without supporbve 
treatment, and concluded that the adrenal gland does not play a sig- 
nificant role m experimental renal hypertension Clmically, hyper- 
tension IS usually present in Cushing’s syndrome (11), now thought to 
be caused by adrenal cortical hyperplasia or tumor (hyperadreno- 
corticism) (12) Reduction m blood pressure levels of some patients 
with hypertension has been reported foUowmg ngid restnction of 
dietary sodium (13, 14, 15) Since the blood volume of hypertensive 

* This work was supported by a grant from the United States Pubhc Health 
Service. 
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patients is relatively normal (16), this effect may be related to the 
observation that sodium chloride potientiates the pressor activity 
of desoxycorticosterone acetate (17, 18), and possibly of some naturally 
occurrmg cortical product as well 

It was shown by Loeb and his associates (1) that adrenalectomized 
dogs excreted excessive amounts of sodium and chlonde and they sug- 
gested that the so-called crisis in Addison’s disease might result from a 
similar loss of these electrolytes Harrop and his co-workers (19) 
first observed that patients with adrenal msufficiency actually develop 
a reaction simulatmg a cnsis of Addison’s disease following the with- 
drawal of salt from the diet They proposed the use of a salt-free diet 
as a diagnostic test for Addison’s disease Perera and Blood (20), 
usmg a si mi lar test, found that patients with hypertensive vascular 
disease reacted to sodium restnction in the opposite fashion, salt and 
water were ehmmated much less rapidly by such patients than by 
normal individuals In their experiment, twelve patients with hyper- 
tension showed a mean loss of body weight of only 0 4 percent, in con- 
trast to a mean loss of 1 6 percent m twelve normotensive subjects 
following 24 hours of sodium withdrawal This difference was con- 
sistent, regardless of variations m environmental temperature and 
physical activity Significant changes m blood pressure levels or 
hematocnt were not observed after 24 hours of sodium restnction 
The mvestigators concluded that a disturbance m salt and water 
metabohsm exists m hypertensive vascular disease as judged by the 
abnormal response to the abrupt and ngid restnction of sodium in the 
diet 

The discovery of this apparently abnormal metabohc charactenstic 
of hypertensive individuals immediately raises an important question 
IS the mabihty to lose weight promptly following sodium withdrawal a 
result, or a precursor of the hypertension? It would be of great mterest 
if such a metabolic factor could be found which preceded the develop- 
ment of certain types of hypertension It was deaded to subject a 
considerable number of healthy young adults to acute sodium with- 
drawal m order to ascertam the normal range of weight loss and to 
search for mdividuals with normal blood pressures whose response to 
sodium withdrawal was identical with that reported as charactenstic 
of hypertensive subjects This expenment was conducted as part of 
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an extensive study of normal subjects m which the significance of 
certain hereditary, physiological and psychological factors as precur- 
sors of hypertension is to be evaluated 

Method Observations were made on 83 male medical students m 
good health, who subrmtted to the dietary regimen while ambulatory 
and attendmg their regular courses 64 of the 66 men m the first year 
class of the medical school participated m the experiment as part of 
their laboratory work m Physiology In addition, 17 men m the 
fourth year class and 2 men m the third year class volunteered to take 
part m the study, brmgmg the total number up to 83 mdinduals 
Women were not mcluded in this prehmmary study because of the 
phasic variation m body weight wh ch occurs m relation to 'the men- 
strual cycle 

The general plan of the experiment was similar to that of Perera 
and Blood, the subjects were given a standard diet contammg 1 gram 
of sodium chloride for three consecutive days to which 12 grams of salt 
were added on the first two daj^ On the third day, the additional 
sodium chlonde was withdra'wn, so that for 24 hours the subjects 
received a diet which was nearly sodium free Body weight was deter- 
mmed each mormng No attempt was made to observe daily urmary 
output, hematocnt values or blood pressure levels, smce consistent 
changes m these factors had not been prewously reported, and to obtam 
vahd data concemmg them under the conditions of the experiment 
would have added enormously to its complexity 

Quarters were obtamed where our staff had complete charge of 
preparmg and servmg the food No other meals were served, thus 
ehmmatmg the possibihty of confusion between different diets simul- 
taneously prepared The standard diet as calculated contamed 2900 
calones, consistmg of protem 86 grams, carbohydrate 394 grams, fat 
109 grams, and approximately 1 gram of sodium chlonde (Table 1) 
On the first two days six grams of sodium chlonde were supphed m a 
shaker to each subject, to be completely used each day In addition, 
he received 6 grams of sodium chlonde m entenc coated tablets, two 
grams after each meal On the third day the standard diet was 
served 'without additional sodium chlonde Thus the subjects re- 
ceived a normal or shghtly high sodium diet for two days and an ex- 
tremely low sodium diet on the third day, while calonc mtake remamed 
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constant The fluid intake of the first day was noted and kept ap- 
proximately the same for each mdividual on the three days of the 
study, but no attempt was made to impose a standard 24 hour fluid 
mtake on the group as a whole 

The experiment was earned on for five weeks with* 19 to 22 students 
undergoing the regunen each week * The students were weighed with- 
out clothes, after voiding and before breakfast Independent weigh- 


TABLE I 

Standard Low Sodium Diet 


fiSEAKTAST 

LUNCH 

UINNES 

EVENING NOURISHMENT 


Gms 


Gms j 

i 

Gms 


Gffw 

Orange jmee 

120 

Ground round 

90 i 

Pmeapple 

120 

Jam sand- 


Puffed wheat 

IS 

steak 

ISO 

juice 


wich 


Egg (1) 

SO 

Baked potato 


Lean beef 

100 

Bread* 

40 

(soft or hard 


Salad 

7S 

steak 


Butter* 

5 

boiled) 


Tomato 

20 

Boded new 

100 

Grape jam 

25 

Toast* 

60 

Lettuce 

60 

potatoes 


Banana 

ISO 

Butter* 

IS 

Bread* 

20 

Fresh peas 

100 



Grape jam 

2S 

Butter* 


Celery hearts 

10 



Cream 


Canned 

i 

Radishes 

10 



Heavy cream 

30 

peaches 

ISO 

Carrot strips 

20 



Whole milk 

90 

Peaches 

so 

Bread* 

60 



Coffee 

120 

Juice 

180 

Butter* 

20 



Sugar 

IS 

Coca Cola 


Fresh straw- 

100 







hemes 








Sugar 

10 







Lemonade 








Sugar 

IS 







Lemon juice 

IS 




* = salt free 


ings of each student were made by two assistants, whose readings 
checked each other within 2 oz , with a mean deviation of 0 7 oz or 
0 02 kg The average of the two readmgs was taken as the daily 
weight In addition to the weights, the record sheets mcluded nota- 
tions concemmg fluid intake, number and time of bowel movements, 

* In addition, a preliminary trial was earned out on Subjects 1 and 2, on the 
Metabolism Ward of the Johns Hopkins Hospital, through the kmdness of Dr 
John Eager Howard and Miss A Elizabeth Crozier, Dietician 
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exact food consumption, = any sbght s}miptom or deviation from health, 
and amount of smokmg 

An analysis of the sodium content of the standard diet was made 
each week on the day of sodium withdrawal * One-half of the total 
daily diet (as fed the subject) was carefully dried and ground to fine 
powder An ahquot was accurately weighed and ashed m a muffle 
furnace at 500° C m a platinum dish, then dissolved in distilled water 
to a volume of 100 ml , and analyzed m a flame photometer The 
sodium content per 24 hour total diet ranged from 16 7 to 25 1 meq , 
with a mean value of 20 2 meq The actual amount of sodium m the 
diet each week is shown in Table 2, expressed both m milhequivalents 
of sodium and as grams of sodium chlonde 

RESULTS 

A total of 107 tests were earned out on 83 subjects Fifty-mne 
students underwent the regimen once, while twenty-four subjects 
submitted to dupheate tests The data have been tabulated m 
Table 2 Eighty-one subjects lost weight in 103 tests following 24 
hours of sodium restnction Subject 44 gamed a very small amount 
m both of two tests, while Subject 7 lost a small amount on one test 
and gamed a tnfle on the other The range of weight change from 
Day 3 to Day 4 (the penod of sodium restnefaon) was from — 1 4 kg 
to -}-0 1 kg Since body weight ranged from 110 6 to 51 1 kg , it was 
considered desirable to calculate the weight change m terms of per- 
centage loss of total body weight The range of percentage weight 
change was from —2 16 to -f 13% (aU subjects) 

64 of 66 men m the first year class participated m the experiment 
They may be considered as a satisfactory unselected sample of normal 
male medical students, rangmg m age from 19 to 31 with a mean age 
of 24 2 years The curve of distnbution (Figure 1) of the percentage 
weight change has been based upon the first tnals of these 64 subjects 

^ If the subject failed to eat a portion of the diet (such as radish, tomato or eve- 
ning nourishment) on the first day, the same item was omitted on the subsequent 
days 

The analyses were carried out with the assistance of Mr Harry Eisenberg, 
Chemical Division of the Department of Medicine 
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SODIUM 
CONTENT Or 
STANDARD 
DIET FOR 

24 HOURS 

SUBJECT 

NUMBERl 

AGE 

BODY WEIGHT IN moCRAMS 

WEIGHT CHANCE 
EOliOWlNG SODIUM 
WITHDRAWAL 

DAY 3 -DAY 4 

Na 

mEq 

NaCl 

Gms 

Day 1 

Day 2 

Day 3 



Kg 

% 

I 

24 1 

m 



68 5 

69 0 

69 2 


m 


BB 

March 


■ 


22 

56 6 

56 7 

56 7 

56 1 


wm 

mm 

23-27 


■ 

m 

■ 





■ 

n 



mean = 

62 55 

62 85 

62 95 

62 10 




n 

19 3 

1 1 

3 A 

26 

57 04 

57 07 

56 84 


56 53 

-0 48 

HiHi 

April 



4 

28 

72 74 


72 09 

71 30 

71 74 

-0 79 


13-17 



5 A 

26 

67 86 

67 92 

67 75 

66 96 

67 81 

-0 79 

-1 17 




6 

20 

68 32 

67 55 


67 15 


-0 88 

-1 29 




7 A* 

22 

68 83 

67 75 

67 61 

67 69 

67 47 

-bo 09 





8 A* 

22 




WmSi 

59 79 

-0 31 





1 B 

20 

67 36 

66 99 

B 

66 14 

67 24 

^9* U 

-1 43 
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24 

59 76 


59 82 

58 80 

59 25 

^9 i! 

-1 71 




10 

31 

69 34 

69 68 

69 39 

68 43 


^SS 

-1 38 




11 

31 

65 77 

65 77 

66 05 

65 46 

65 66 

^S! It 

-0 89 




12 A 

21 

56 93 

56 93 

56 84 


56 30 

^9S 

-1 44 




13 A 
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73 14 
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73 70 

73 42 

73 46 
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14 
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79 95 
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79 41 


78 83 
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-1 SO 




IS 
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71 78 

71 89 
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17 
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76 74 

76 63 

76 21 

76 48 


-0 55 




21 A 

30 



64 64 

63 76 



-1 36 




22 A 

23 



73 99 

73 28 

73 29 


-0 96 




23 

21 

74 84 


74 90 

74 05 

74 80 


-1 14 


mean = 

67 41 

67 40 

67 33 

66 57 

66 95 



m 

17 0 

1 0 


22 

68 38 


68 26 

67 78 

67 81 



April 




24 


67 13 

67 13 

66 56 

66 91 



20-24 



26 A 

21 


84 42 

84 76 

83 51 

84 71 

-1 25, 

-1 47 




27 

21 

72 69 

71 84 

71 53 


71 50 


-1 19 




28 A 

21 

71 21 


70 88 

69 77 


-1 11 

-1 57 




29 A 

22 

66 05 


65 54 

65 26 

n 


-0 43 




30 A 

26 

91 45 

90 23 

89 75 

m 

89 81 

s 

-0 38 


' A and B indicate two trials carried out on the same subject 
= At the end of twenty-four hours on low sodium diet 
5 After 24 hours of diet and salt as desired 
‘ Upper classman, not mcluded in distnbution curve 
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TABLE 2 — Coriiniied 


EXPESI 

aiENTAI. 

FESIOD 

SODIUII 

co^*TI:^■T or 

ST\^^)UtD 
DIET ros 

24 EOUES 

SUBJECT 

VUlTBESi 

ACE 

BOD\ ^TEIGHT SXLOCEA^ 

WEIGHT Cg■\^GE 
rolxowl^*G soDiusr 

WtEEDBAWAL 

D\\ ^ 

Na 

m£q 

NaCI 

Gms 

Daj 1 

D_y 2 

Day 

3 

Da\ 


Days’ 

Kg 

C' 

m 

■ 

■ 

31 A 

23 

60 

27 

60 

44 

60 

16 

60 

05 

60 

16 

-0 

11 

-0 

18 

April 

■ 

■ 

32 

25 

76 


75 

81 

75 

41 

74 

79 


69 

-0 

62 

-0 

82 

20-24 

■ 


7B * 

22 

69 



49 

67 

53 

67 

25 

67 

02 

-0 

28 

-0 

41 

Coni 



33 

21 

69 


69 

77 

69 

so 

68 

95 



-0 

85 

-1 

22 


I 


34 

23 

80 


Eil 

43 

SO 

17 

79 

35 

so 

40 

-0 

82 

-1 

02 


■ 


35 

22 

62 

59 

62 

48 

62 

54 

61 

55 

62 

54 

-0 

99 

-1 

58 




36 

22 

74 

78 

74 

61 

74 

95 

74 

16 

74 

39 

-0 

79 

-1 

05 


I 


37 

20 

59 

25 

59 

45 

59 

56 

58 

60 

58 

57 

-0 

96 

-1 

61 


■ 

■ 

38 A 

19 

53 

64 

54 


53 

S3 

53 

55 

54 

09 

-0 

28 

-0 

52 


■ 


39 

21 

85 

39 

85 

19 

85 

61 

84 

42 

84 

99 

-1 

19 

-1 

39 




40 

23 

64 

52 

64 

78 

64 

78 

64 

33 

64 

52 

-0 

45 

-0 

69 


I 


41 * 

22 

58 


58 

ES 

58 

26 

57 

95 

58 

68 

-0 

31 

-0 

53 


■ 


42 

23 

72 

85 

72 

26 

72 

54 

71 

32 

72 

23 

-1 

22 

-1 

68 


■ 

■ 

43 A < 

23 

77 

16 

76 

82 

76 

7S 

76 




-0 

58 

-0 

76 


mean — 

70 

75 

70 

53 

70 

47 

69 

78 

69 

96 





TV 

16 7 

1 0 

44 A 

21 

109 

46 

108 

18 

107 

64 

107 

73 



+0 

09 

+0 

08 

April 



45 

21 

62 

88 

63 

19 

63 

03 

62 

31 



-0 

74 

-1 

17 

27-30 



46 

25 

59 

87 

60 

04 

59 

95 

59 

50 



-0 

45 

-0 

75 




47 

26 

58 

94 

59 

25 

59 

65 

59 

08 



-0 

57 

-0 

96 




48 

22 

69 

45 

69 

65 

70 

02 

68 

97 



-1 

05 

-1 

50 




49 

20 

70 

08 

70 

59 

70 

42 

69 

20 



-1 

22 

-1 

73 




50 

24 

50 

66 

50 

92 

51 

09 

50 

13 



-0 

96 

-1 

88 




51 

29 

77 

14 

77 

20 

77 

37 

76 

63 



-0 

74 

-0 

96 




52 A 

29 

92 

79 

93 

13 

93 

07 

92 

93 



-0 

14 

-0 

15 




53 

29 

74 

42 

75 

21 

75 

41 

74 

36 



-1 

05 

-1 

39 




54 

25 

62 

74 

63 

16 

63 

05 

62 

03 



-1 

02 

-1 

62 




55 

29 

64 

71 

64 

21 

64 

30 

63 

39 



-0 

91 

-1 

42 




56 

29 

105 

60 

105 

23 

104 

81 

103 

87 



-0 

94 

-0 

90 




57 

27 

81 

96 

82 

10 

81 

59 

SO 

77 



-0 

82 

-1 

01 




58 A 

21 

68 

26 

68 

12 

67 

58 

67 

13 



-0 

45 

-0 

67 




59 

27 

84 

34 

84 

45 

84 

14 

S3 

18 



-0 

96 

-1 

14 




60 

30 

80 

23 

80 

09 

79 

92 

79 

07 



-0 

85 

-1 

06 




61 

28 

65 

74 

66 

36 

65 

77 

64 

78 



-0 

99 

-1 

51 




62 

30 

71 

52 

71 

55 

71 

52 

70 

64 



-0 

88 

-1 

23 




63 

28 

61 

17 

61 

17 

61 

57 

60 

72 



-0 

85 

-1 

38 




2B 

22 

54 

48 

55 

76 

55 

14 

53 

95 



-1 

19 

-2 

16 


mean = 72 69 72 S4 72 72 71 92 

























TABLE 2 — Concluded 


EXPERI 

UEKTAL 

FESIOD 

soDimi 
CONTEKT OB 
STAKDAKD 
DIET BOE 

24 Eonss 

SUBJECT 

NUUBERl 

AGE 

BODY WEIGHT IN EUOGKAUS 

WEIGHT CHANCE 
rOIXOWINO SODIUM 
WITHDRAWAL 

DAY 3-DAY 4 


Na 

niEq 

NaCl 

Gms 



Day 1 

Day 2 

Day 3 

Day 4* 

Day 5* 

Ks 

% 

V 

19 1 

1 1 

64 

20 

68 49 

68 38 

68 61 

67 70 


-0 91 

-1 33 

May 



24 B 

22 

67 S3 

67 S3 

68 12 

67 75 


-0 37 

-0 54 

4-7 



25 B 

24 

67 73 

68 15 


66 85 


-0 96 

-1 42 




65< 

22 

67 30 

67 53 

67 98 



-1 08 

-1 59 




29 B 

22 


65 77 

65 18 

65 07 


-0 11 

-1 17 




58 B 

21 

67 27 

67 47 

67 SO 

66 59 


-0 91 

-1 35 




38 B 

19 


54 43 

54 57 

54 17 


-0 40 

-0 73 




28 B 

21 

71 16 





-0 57 

-0 81 




66< 

22 

71 32 

71 55 


70 22 


-0 85 

-1 20 




3B 

26 


56 36 

56 73 

55 96 


-0 77 

-1 36 




5B 

26 

67 73 


67 59 



-0 57 

-0 84 




8B* 

22 


61 24 




-0 11 

-0 18 




67 A 

27 


75 75 

75 86 

74 44 


-1 42 

-1 87 




12 B 

21 

56 18 

56 35 

56 44 

55 76 


-0 68 

-1 20 




13 B 

22 

73 33 

73 42 

73 31 



Mm 

-0 93 




31 B 

23 

61 38 



59 76 



-1 73 




30 B 

26 




90 24 


-0 74 

-0 81 




20 B 

21 

75 75 

76 23 

76 37 



-0 31 

-0 41 




68* 

23 

67 27 

67 47 

67 61 



-0 94 

-1 39 




43 B* 

23 

76 99 

76 71 

76 71 

75 75 


-0 96 

-1 25 




52 B 

29 

93 61 

93 58 


92 36 


-0 54 

-0 58 




69* 

24 

82 16 

82 19 

81 82 



-0 74 



mean = 69 87 70 00 69 93 69 22 


25 1 

1 5 

26 B 

21 

86 35 

85 22 

85 22 

84 43 


-0 79 




22 B 

23 

74 11 

74 73 

74 79 

73 74 


-0 85 

-1 14 



70 

26 

59 42 

59 99 

59 88 

59 11 


-0 77 

-1 29 



71 

20 

74 SO 

74 44 

73 99 

73 82 


-0 17 

-0 23 



67 B 

27 

74 84 

75 32 

75 46 

74 44 


-1 02 

-1 35 



44B 

21 

113 39 

111 29 

no 64 

no 73 


+0 09 




72* 

23 

74 22 

74 73 

74 16 

73 59 


-0 57 

-0 77 



73 

24 

72 52 

73 17 

72 91 

72 12 



-1 08 



74* 

22 

87 77 

87 09 

86 92 

86 41 



-0 59 



75* 

23 

72 77 

72 86 

72 77 

72 00 



-1 06 



76* 

20 

67 27 

68 04 

68 38 

68 04 






77* 

26 

59 59 

59 36 

59 64 

59 10 


-0 54 




78* 

22 

71 58 

71 89 

71 72 

71 21 


-0 51 




79* 

24 

72 40 

72 88 

72 91 

71 86 



-1 44 



80* 

21 

78 07 

78 58 

78 30 

77 93 


-0 37 




81* 

24 

78 07 

78 10 

78 07 

77 S3 


-0 54 




21 B 

30 

64 52 

64 26 

64 49 

64 35 


-0 14 




82* 

23 

72 46 

72 86 

73 40 

72 92 


-0 48 




83* 

23 

76 03 

76 03 

75 46 

74 78 


-0 68 



mean = 75 26 75 31 75 22 74 64 
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only® This curve shows that 46 of the 64 subjects lost between 
0 90 and 1 89 percent of body weight, with the peak of greatest fre- 
quency at 1 4 percent The distnbution curve is skewed m the direc- 
tion of lesser amounts of weight loss, so that while only one mdividual 
lost 1 9 percent or more of body weight, 17 subjects, or 26 6 percent, 
showed a weight change of less than —0 90 percent, rangmg from 
—0 89 to 4-0 08 percent Smce none of Perera and Blood’s 12 normo- 
tensive subjects lost less than 0 84 percent, and smce the range of 
weight change of their senes of 12 hypertensive patients was from 
—0 88 to 4-0 28 percent, it appeared important to consider further 



PERCENTAGE WEIGHT CHANGE FOLLOWING SODIUM RESTRICTION 
Fig 1 Distribution curve shoi^Tug the percentage change in body weight follow- 
ing a 24 hour penod of sodium restriction occurring among 64 unselected male 
students on their first tests 

this Significant group of our subjects whose weight response was 
similar to that of their hypertensive senes (20) 

It was evident that these 17 subjects might have lost less weight 
than the majonty of their fellows foUowmg sodium withdrawal for 
one or more of the foUowmg reasons 

1 The conditions of the experiment were not suffiaently ngid to 
prevent considerable physiological vanabdity m response 

® The data of the 19 upper classmen, important m certain regards, is not m- 
duded m the distribution curve They entered the experiment for a number of 
special reasons and so cannot be regarded as part of a “random sample”, some 
had a family history of hypertension, high normal blood pressure or a positive 
cold test, while others partook because of their mterest or accessibihty 
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2 The subjects had m some measure failed to comply with the 
conditions of the experiment and had therefore not been exposed to the 
fuU effect of sodium withdrawal 

3 The subjects actually were less physiologically responsive to 
sodium withdrawal than the larger portion of the group exammed 

The test was, therefore, repeated m 24 subjects, mciudmg 15 “small 
losers” who lost less than 0 9 percent body weight following sodium 
restnction on the first trial and nme “large losers” who lost 0 9 percent 
or more 

The weight loss foUowmg the first and second trials of sodium with- 
drawal IS recorded m Table 3, together with the percentage difference 
of each of the two tests from the mean In 19 out of 24 mdividuals, 
or 79 percent, the difference between the mean and the actual tests 
was less than 0 3 percent of body weight Thirteen of the fifteen 
“small losers” showed this high degree of consistency upon duphcate 
tests, and nme feU withm the limits of the “small loser” group on both 
of the tests (Subjects 44, 20, 24, 38, 29, 8, 52, 30 and 7) Out of the 
entire 24, nme subjects feU on one test m the “smaU loser” and m the 
other test m the “large loser” group The consistency of the test was 
good m four of the nme, suggesting that their responses were actuaUy 
“borderhne” (Subjects 43, 3, 13 and 25) while m five mdividuals (Sub- 
jects 58, 31, 28, 2 and 21) the degree of mconsistency suggested that 
some additional factors rendered the tests unsatisfactory The pos- 
sible nature of these factors wiU be considered presently 

In contrast to the nearly uniform weight loss foUowmg salt restnc- 
tion, the daily weights fluctuated m both directions and to a lesser ex- 
tent dunng the first 48 hours on the standard diet plus sodium chlonde 
(Table 2) This is reflected m the mean values for the daily weights 
for each of the expenmental penods These daily mean values are 
plotted m Figure 2, which clearly lUustrates the consistent trend 
toward decreased weight foUowmg sodium restnction That the 
smaller daffy vanations m weight dunng the penod of adaptation to 
the standard diet were not merely haphazard, but were related to the 
physiological makeup of the mdividual is suggested by the high degree 
of consistency of many of the duphcate tests (Figure 3) Such con- 
sistency was evident throughout the four day expenmental penod m 
Subjects 26, 67, 12, 43, 13 44 and 20, while m Subjects 22, 28, 5, 1, 29 
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and 8, the correspondence of weights on three out of the four days 
was excellent In stiU another group (Subjects 58, 7 and 38) the 
duphcate weight curves show considerable sumlanty In only a few 
instances (Subjects 2, 21 and 30) were the two curves highly dissimilar 
Since all but one (Subject 12) of the duphcate tests were earned out 
on subjects whose first test was imusual m some regard,® the most 
inconsistent results might be expected to appear among this group of 


TABLE 3 


Percentage Weight Loss of Twenty-Four Subjects in Duplicate Salt WithdraiOal Tests 


“siiAiJ. LosEas” IN nasT test 


Subject 

No 

% -Weight Loss 

Mean % 
Wt Loss 

2 Tests 

% Differ 
ence each 
Test from 
Mean 

' 

1st Test 

2nd Test 

44 


Iffil 

-0 08 

0 00 

20 



-0 48 

0 07 

24 

-0 70 


-0 62 

0 08 

38 

-0 52 

-0 73 

-0 625 

0 105 

29 

-0 43 

-0 17 

-0 30 

0 13 

8 

-0 51 

-0 18 

-0 345 

0 165 

30 


-0 81 

-0 595 

0 215 

52 


-0 58 

-0 365 

0 215 

43 


-1 25 

-1 005 

0 245 

3 

-0 84 

-1 36 

-1 10 

0 26 

7 



-0 14 

0 27 

13 

IH 

-0 93 

-0 655 

0 275 

25 

-0 85 

-1 42 

-1 135 

0 285 

58 


-1 35 

-1 01 

0 34 

31 

-0 18 

-1 73 

0 955 

0 775 


“laege LoSEas’ IN nasT test 


Subject 

No 

% Weight Loss 

Mean % 
Wt Loss 

2 Tests 

% Differ 
ence each 
Test from 
Mean 

1st Test 

2nd Test 

1 

-1 59 

-1 43 

-1 51 

0 08 

22 


-1 14 

-1 05 

0 09 

12 

-1 44 

-1 20 ' 

-1 32 

0 12 

5 

-1 17 

-0 84 

-1 005 

0 165 

67 

-1 87 

-1 35 

-1 61 

0 26 

26 

-1 47 

-0 93 

-1 20 

0 27 

28 

-1 57 

-0 81 

-1 19 

0 38 

2 

-1 06 

-2 16 

-1 61 

0 55 

21 

I 

1 

-1 36 

-0 22 

-0 79 

0 57 


subjects The fact that so many of these curves were repeatable at- 
tests to the general cooperation of the subjects and the vahdity of the 
method 

In experimental penods II and III (Table 2 and Figure 2) the sub- 
jects were allowed to return to their usual uncontrolled diets for 24 
hours after the penod of salt -withdrawal and were then weighed under 

® Subjects 1 and 2 -weighed partially dad in first tests on Metabolism Ward 
Subjects 5 and 22 irregular curves Subject 21 contmuous weight loss through- 
out first experimental period Subjects 67, 26, and 28 unusually large weight 
loss on sodium -withdrawal Remaining 15 subjects “small losers” 
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Standard conditions The 37 first year students thus observed showed 
a mean weight gam of 60% of the weight lost while sodium was re- 
stncted at the end of 24 hours of unrestncted salt mtake 
It IS beyond the scope of this experiment to investigate m detail the 
vanous factors which might contribute to the daily fluctuations m 
weight while the subjects were on a standard diet, but bnef statements 
may be made about a few of them There is httle evidence that 
changes m caloric mtake played a sigmficant role AU subjects found 
the^diet satisfactory and quantitative differences from their customary 



Fig 2 The Effect of Sodium Restriction ufon Body Weight in 

105 Tests 

Each Ime represents the mean weight of all the subjects takmg part m one ex- 
perimental period (See Table 2 for detailed data Period I, a prehmmary study 
on 2 subjects only, is not mcluded ) 

food mtake probably were seldom great Consistent weight change 
m one direction or the other throughout the pre limin ary 48 hours was 
not conspicuous in most subjects The heaviest subject m the study, 
however, was an outstandmg exception m this regard 

Subject 44, who is 6'!" tall, weighed 121 6 Kg 6 months before taking part in 
the experiment On a 1700 calorie reducmg diet without salt restriction his 
weight fell to 105 2 Kg at an average rate of 0 22 Kg lost per day During the 
period of reduction he was weighed frequently, the most rapid weight loss was at 
a rate of 0 48 Kg per day for one 7 day period Strict dietmg was abandoned 11 
weeks before the experunent began and weight had mcreased to 109 5 Kg Be- 
tween Test A and B it increased still further to 113 4 Kg In the first 48 hours of 
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the experiment, he lost weight at a rate of 0 95 Kg and 1 4 Kg per day durmg 
tests A and B respectively, a much more rapid rate than when he was on the reduc- 
mg diet Salt mtake seemed to him a httle higher than normal durmg these two 
days On the same caloric mtake, weight loss ceased when salt was withdrawn 
(Figure 3) This response remams to be explamed It suggests that the usual 
type of salt and water control was modified m this obese subject 

Spontaneous comments were recorded on the quantity of salt m- 
gested with the standard diet on Days 1 and 2 m companson with the 
subjects’ usual salt mtake The mean daily weights of the subjects 
who beheved that salt mtake was imusuaUy high were compared with 
those who considered salt mtake unusually lov) durmg that period 
No significant change m weight at the end of 48 hours was present m 
either group 

The only subject for whom an exception was made m regard to salt 
mtake was as follows 

Subject 61 stated that he was m the habit of eatmg large quantities of salt, up 
to 40 grams daily Exammation revealed normal blood pressure and no clmical 
evidence of Addison’s disease Durmg Days 1 and 2 he was allowed to use as 
much salt as he pleased from the shaker, and actually consumed 29 grams of shaker 
salt plus 6 grams of sodium chlonde m tablet form daily He weighed 65 74 
Kg on Day 1, and 65 77 Kg after 48 hours on this unusually high salt mtake 
On Day 3 he ate the same sodium-restncted diet as the others Followmg sodium 
withdrawal, he lost 1 51 per cent of body weight, thus conformmg closely to the 
mode of 1 4 per cent for the unselected group 

Body weight was not consistently affected by vanations m bowel 
activity except when stools were totally absent for 24 hours (Figure 
3) When a subject had no bowel movement on a certam day m one 
test and one or more movements on the correspondmg day m the 
duphcate test, the body weight was always higher, as might be antia- 
pated, when no bowel movement had occurred (Subjects 22, 28, 2, 
21 and 3) Some of the more obvious discrepanaes m duphcate tests 
were unrelated to the number of stools per day (Subjects 5 and 8), 
and conversely, rather different numbers of bowel movements m 24 
hours did not necessarily mterfere with the similarity of the duphcate 
curves (Subject 20) 

Smokmg was not restricted durmg the experiment Thirty-five 
subjects, however, did not smoke at aU durmg the tests Fourteen 
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Fig 3 The Efeect or Sodium Eesteiction Upon Body Weight 
IN Twenty-Four Dupiicate Tests 


■■■■ indicates 24 hour period of sodium withdrawal from Day 3 to Day 4 
The subject numbers are given to the right of each pair of curves, for further 
details, see Table 2 Note that the upper curve of each pair represents Iieomer 
•weight and is not necessarily the first test The number of bowel movements for 
each 24 hour period are charted below each pair of curves 
Column A subjects who were “large losers” on both tests 
Column B subjects who were “large losers” on one test, and “small losers 
on the other 

Column C subjects who were “small losers” on both tests 
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subjects smobed a bttle, 15 smoked from 10 to 19 agarettes a day, and 
19 smoked 20 cigarettes a day or more “Large Losers” and “small 
losers” appear m aU the groups, and there is no mdication that smokmg 
affected the weight loss foUowmg sodium withdrawal 
Despite efforts to exclude subjects from partiapatmg when any 
ailment was present, six (Subjects 26, 7, 31, 46, 73 and 74) developed 
fresh upper respiratory mfections durmg the test period Three of 

TABLE 4 


Response to Sodium Withdrawal during Upper Respiratory Infection 


SUBJECT liO 

TESThO 

% WI3CHT LOSS ATTES SODIDIT WITHDSAWAL 

Infechon Present 

Infection Absent 

7 

A 

+0 13 



B 


-0 41 

26 

A 


-1 47 


B 

-0 93 


31 

A 

-0 18 



B 


-1 73 

Mean 


-0 33 

-1 20 

46 


-0 75 


73 


-1 08 


74 


-0 59 



Mean of six tests, “Infection Present” —0 57 Range, —1 08 to +0 13 


these had duphcate tests when they were free from infection (Table 

4 ) 

It wiU be noted that m all three subjects who had duphcate tests 
weight loss was less durmg the test m which infection was present 
While the mstances of upper respiratory mfection were so few that no 
conclusions can be drawn, the data raise the possibihty that sodium 
withdrawal durmg this type of mfection results m a subnormal loss of 
body weight 

Dtsatsston and Correlations Of 64 unselected students, 47 lost 
0 9 percent or more of body weight foUowmg sodium restnction 
Seventeen, however, lost less than this amount, and m this respect 
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resembled the hypertensive patients studied by Perera and Blood (20) 
Where duphcate tests were done, they were consistent m 79 percent of 
cases The data show that a considerable porportion of normal sub- 
jects had the so-called hypertensive pattern of response to sodium 
restnction 

May this pattern of response, when found in a normal mdmdual, 
mdicate a “prehypertensive state”? This can only be directly deter- 
mined by observmg such subjects over a penod of years Indirect 
evidence, however, may be sought through evaluatmg a number of 
factors which have been found by other investigators to show a positive 
correlation with the subsequent development of hjqiertension These 
mclude faimhal hypertension, ovemutrition, high normal blood pres- 
sure levels and vasomotor hjqierreactivity to the cold pressor test 
Did those of our normal subjects who presented one or more of these 
four traits show a different pattern of weight change foUowmg sodium 
withdrawal from the subjects who did not show any of these traits? 

In order to determme whether any such correlation existed, the 
subjects were separated into groups according to the foUowmg cate- 
goncal cntena 

1 Famthal hypertension history of definite hypertension in one or 
both parents (21) 

2 Ovemutrition 10 lbs or more above “ideal” body weight for the 
subject’s height and age (22) 

3 High normal blood pressure levels restmg levels above 120 mm 
systolic and/or 80 mm diastohc pressure 

4 Vasomotor hyperreactivity to the cold pressor test ’’ a nse of 20 mm 
or more of systohc and/or diastohc pressure 

5 None of these Four Traits 

The authors are fully aware of the theoretical difficulties mherent in 
any such arbitrary division, these will be discussed m subsequent 
papers in which each one of these factors is analyzed m detail, together 
with the methods used It is obvious, for instance, that group 1 does 
not include all those with familial hypertension, while group 2 mcludes 
some who have no excess fat Nevertheless, by this means a practical 
sorting out of groups which present different charactenstics is accom- 
phshed 

Method of Hines and Brown (23) 
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Fig 4 Distnbution curves showing the percentage change in body weight 
following a 24 hour penod of sodium restriction m 
A 11 Subjects with Familial Hypertension 
B 22 Subjects with Ovemutrition 
C 14 Subjects -with High Restmg Blood Pressure Le\ els 
D 21 Subjects with Vasomotor H>'perreacti\’ity 
E 30 Subjects without these Four Traits (A, B, C and D) 

I Indicates the borderlme betneen the hypertensive and normal subjects of 
Perera and Blood 

For this purpose, the 64 unselected subjects -were di-vided into 30 
who had none of the four traits and 34 who had one or more such traits, 
to the latter group were added the 12 upper classmen who were m- 
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eluded m the study because they showed one or more of these traits 
There was some overlapping, while 27 subjects showed one trait only, 
16 showed two and 3 had three of the traits defined above 

The distnbution curves of the response of body weight to salt with- 
drawal of the subjects in each of these five groups is shown m Figure 4 
The line of demarcation between the metabohe response of the hyper- 
tensive and the normal subjects of Perera and Blood has been used as 
a pomt of reference It will be noted that a higher proportion of the 
subjects with famihal hypertension, ovemutntion, high normal blood 
pressure levels or vasomotor hyperreactivity show a metabohe response 
hke that of hypertensive patients than occurs among subjects free 
from these four traits, although the numbers are not suffiaently large 
to make this difference statistically significant 
Summary and Conclusions 

1 The body weights of 83 male medical students were observed 
foUowmg twenty-four hours of ngid sodium restriction while on a 
standard diet 

2 The range of weight change foUowmg sodium restnction, ex- 
pressed m percentage of total body weight, was from —2 16% to 
+0 13% 

3 In a group of 64 unselected students, a weight loss of 1 4% was 
the most frequent change observed 

4 The weight loss of 47, or 73 4% of these unselected subjects, fell 
within the range heretofore desenbed as the “normal” response to 
sodium withdrawal 

5 The remaimng 17, or 26 6% fell outside of that range, and coin- 
cided with the range previously considered characteristic of patients 
with hypertension 

6 Consistent results were obtamed m 19 of 24 subjects who sub- 
mitted to dupheate tests 

7 Our findin gs indicate that a considerable proportion of normal 
young men respond to sodium withdrawal m a manner similar to the 
response of hypertensive patients 
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Adequate bronchographj" in the presence of copious puhnonarj 
discharge poses a perplexity of major import in the studj of the bron- 
chiectatic patient Of the varied techniques designed to improve the 
efficiency of the bronchographic examination, all have demonstrated 
serious limitations in the type of case under discussion This stud} 
concerns the occasional patient who expectorates in the neighborhood 
of 400 cc of secretion daily 

Following bronchoscopy, the sputum produced overnight in these 
cases prevents adequate opacification of even the major bronchi with 
contrast agent If bronchoscopy immediately precedes the instillation, 
profound cough results in expectoration of the injected iodized oil 
Anesthesia proves ineffectual, due to lack of contact of the local agent 
with the pus-lined bronchial w^alls Additional instillations of anes- 
thetic solutions also fail to overcome the irritation of bronchoscopic 
trauma V'hen aerosols of penicillin and/or streptomycin are em- 
ployed, the quantity of discharge is materially lessened Their use is 
contraindicated, however, in a purely diagnostic procedure, because of 
the likelihood of rendering the existing organisms drug-fast 

Although catheter suction of the tracheobronchial tree was found 
to be significantly less traumatic than bronchoscopy in our series, the 
results w ere inferior Spasmodic closure of the glottis durmg coughing 
exhausts the air in the tree and the general negatix^e pressure prevents 
point suction at the end of the catheter This procedure cannot be 
employed in small children as sudden low ering of oxygen tension may 
quickly prox’^e fatal 

Anal} SIS of the results of the catheter method, nex ertheless, mdicated 
potentialities in this direction To perfect this technique, increase in 
eflicienc} xxas required Our problem resolxed to maintainance of 
constant patenc} of the glottis — temporary extenorization of the 
trachea, wnthout resorting to the drastic procedure of tracheotom} 

135 





BRONCHOGRAPHY IN SE\H;RELy DISCHARGING LUNG 


137 


A new thin-walled, plastic endotracheal tube proved to be the solu- 
tion to this enigma It softened in warm water, on coolmg it assumed 
a semi-ngid nature, elastic enough to prevent trauma After anes- 
thetizmg the upper air passages, mcludmg the nares and nasophaijmx, 
the tube was passed under mirror vision mto the upper trachea, well 
above the carma Both sides of the bronchial tree were aspirated by 
long catheter or small cahber plastic tubmg through the lumen of the 
endotracheal tube If the secretions were found to be tenaaous, flush- 
mg with small quantities of sahne solution was nevt performed After 
removal of the pus, the lower tree was anesthetized by dilute ponto- 
came mstiUation The agent was undoubtedly much more effective on 
the clean bronchial walls 

If the endotracheal tube were left m place, the oil catheter could be 
easily mtroduced through it mto the tree By not removmg the tube 
until after the roentgenological exammation was completed, coughmg 
was reduced, and workmg m the darkened fluoroscopy room was 
faahtated AU of the cases studied were subjected to bronchoscopy 
twenty-four hours pnor to bronchography for removal of collected 
discharge Postural dramage was mstituted after this procedure 

By this method, we have been able to demonstrate bronchiectasis 
m all five lobes and Imgula at one bronchographic exammation m a 64 
year old female whose sputum was m excess of 800 cc per day In 
another case of severe unilateral disease, producmg nearly 1200 cc per 
day, we proved the contralateral lung to be essentially normal, and ^s 
cleared the patient for surgery A case of c}>stic pulmonary disease 
with persistent post-operative discharge was shown to have a long 
diseased bronchial stump responsible for the contmuance of sjnnptoms 
(Fig 1 and 2) All other methods had failed to adequately demon- 
strate the bronchial tree m the cases ated above We feel that this 
procedure is a valuable addition to the armamentanum of those 
attempting bronchography m the exceptional case of severe pulmonary 
discharge 
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The development of necrosis of the hver, involving predominently 
the central portions of the lobules, followed by cirrhosis, calcificabon, 
and large regenerative tumor-hke nodules, m rats fed synthetic diets 
contaimng pyridine, has been described m previous reports (Baxter, 
’46, ’48a) Obstruction to the flow of blood through the sinusoids ac- 
companied, or possibly preceded and imtiated, the development of 
necrosis, and death in some cases appeared to be the result of shock, 
due in part to trappmg of blood in the hver (Baxter, ’48b) Renal 
damage of severe degree frequently developed along with, or more 
likely following, the hver injury (Baxter, ’48a, ’49) Further investi- 
gations of the pathogenesis and relationship of the hepatic and renal 
lesions, with particular attention to the early changes, are now in 
progress 

It seemed in the beginning that the damage produced by pyridine 
imght be due to a drainage of methyl groups from cholme and methi- 
onine, which are important sources of labile methyl groups for bio- 
logical methylations (du Vigneaud, ’41), and it was observed that the 
injury was prevented to a considerable extent by supplements of 
methionine (Baxter, ’47b) However, further studies made it appear 
very unlikely that pyndme injury was principally a result of methyl 
deficiency, or that the protection afforded by methionine was due to 
the lipotropic action which this anuno acid has by virtue of its methyl 
groups (Baxter and Mason, ’47) Actually, as will be discussed m 
more detail later, the morphological charactenstics of the lesions at- 

' The experimental work was done in part in the Department of Biochemistry, 
Cornell University Medical College, and in the Hospital of the Rockefeller Insti 
tute for Medical Research, New York City 

* Welch Fellow m Internal Medicine of the National Research Council 
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tributable to pyndine were not, for the most part, suggestive of cholme 
or labile methyl defiaency The observations on the effects of pyndine 
itself, and of the dietary supplements when added to pyndme-contam- 
mg diets, have recently been confirmed by Coulson and Brazda (’48) 

Contmued growth, durmg the time of development of hver and 
kidney damage, of the animals on the pyndme-contaimng diets with 
the higher protein levels, was considered evidence agamst the produc- 
tion of a defiaency or a "conditioned” defiaency of the sulfur-con- 
tairung ammo aads, of suffiaent seventy to account for the mjury 
produced (Baxter, ’47b) The role of substances contammg sulfhydryl 
groups in protection agamst toxic substances which inactivate certain 
enzyme systems, and the possibihty that the protective effect of 
methionme was through this mechamsm, were considered (Baxter and 
Mason, ’47) 

Dunng the course of the experiments utihzmg pyndme-contammg 
diets, it was observed that hver and kidney mjury and animal mor- 
tahty were much greater when pyndine was fed in the diet than when 
it was admmistered separately m daily or twice daily injections (Bax- 
ter, 48a) Death of some animals within 2 to 3 days after startmg the 
pyndme-contammg diets argued agamst the possibihty that pyndme 
mjuiy was due alone to the destruction of essential dietary factors 

With the object of leammg more of the nature of the injury pro- 
duced by pyndme, and of the relationship of methionine, cystine, and 
cholme m protection agamst the injury, it was deaded to make a de- 
tailed study of the effects on the injurj' produced, of addmg supple- 
ments of these factors to pyndme-contammg diets Certain char- 
actenstics of the pyndme injury suggested that an appropnate 
situation for evaluatmg the possible modifymg effects of vanous sub- 
stances and procedures on the hepatic necrosis might be provided bj’’ 
the use of this agent, and it was hoped on the basis of the hj^othesis 
that sumlar types of hver injury produced by a variety of means may 
result from disturbances of common labile mechanisms, that the in- 
formation obtamed might be apphcable not only to pyndine mjurj^, 
but also to comparable injury occurring under a wider range of ar- 
cumstances 

The metabohc relationships of methiomne, cystine, and chohne are 
comphcated and not completely understood Methionine is an essen- 
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tial ammo acid which ordinarily must be provided m the diet Neither 
the methyl group nor the remaimng part of the molecule can be syn- 
thesized m the body (du Vigneaud, ’42) Cystine (Tarver and Schmidt, 
’39) and choline (du Vigneaud, Chandler, Cohn, and Brown, ’40), on 
the other hand, may be formed in the body by the utihzation of the 
sulfur and the methyl group of methionine, respectively, and addi- 
tions of these substances may therefore spare dietary methiomne 
under certain conditions 

In spite of the ability of the body to utihze the methyl groups of 
methiomne in the synthesis of chohne, a severe chohne deficiency, as 
evidenced by the occurrence of hver and kidney lesions which are 
preventable by chohne, may exist with fairly high levels of methiomne 
in the diet, and raising the dietary methiomne level under certain 
circumstances may actually exaggerate, rather than lessen, the degree 
of chohne deficiency This fact was illustrated by the effects on the 
incidence of the hemorrhagic-kidney syndrome of chohne defiaency, 
of progressively increasing the casein (with its sulfur-contaimng ammo 
acids predominently in the form of methiomne) level of the diet 
(Griffith, ’41, Mulford and Gnffith, ’42) A number of observations 
have strongly suggested, as might be expected, that the amount of 
methiomne available for chohne synthesis in the body bears a recipro- 
cal relationship to the amount of methionine utihzed in tissue forma- 
tion and growth, which in turn is influenced by the dietary content of 
other essential amino acids (Treadwell, Groothuis and Eckstein, ’42, 
Beveridge, Lucas and O’Grady, ’44, Treadwell, TidweU and Gast, 
’44, Engel, ’47) Some evidence from growth expenments suggests 
further that the methyl group is not available from that part of the 
dietary methiomne which is converted to cystine and utilized in the 
body m that form (Mulford and Gnffith, ’42) 

In addition to the relationships which depend on the ability of the 
body to utihze methiomne in the formation of cystine and choline, 
it has frequently been observed that the chohne requirement is, to a 
considerable extent, determined by the cystine content of the diet 
(Griffith and Wade, ’40, Beeston and Channon, ’36, Griffith, ’40), or 
perhaps by the dietary cystine plus that portion of the dietary methi- 
onine which IS converted to cystine Mulford and Griffith (’42), how- 
ever, have attributed this increase in chohne requirement produced 
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by cystine to a general stimulation of metabobsm by (ystine, not 
proportional to the amount of cystine added, rather than to a direct 
antagomsm between cystine and chohne, and it is well estabhshed that 
the injury produced by high levels of cystine is not completely coun- 
teracted by chohne (Earle and Victor, ’42) 

The rmniTnnm optimal dietary concentrations of methiomne, cysbne, 
and chohne, even under normal conditions, can be detenmned only 
in a relative and restncted sense, and the theoretical difficulties of 
evaluating possible protective effects of the factors are apparent If 
the diet contams sub-optimal amounts of one of the factors, then sup- 
plements of that factor might produce a protective effect due simply 
to a correction of the defiaency, whereas if excessive amounts are 
present from the beg innin g, a protective effect of the supplement rmght 
be masked by the amounts already present It was in an effort to make 
apparent any such fallaaes as these that four different basic diets were 
used m the present experiments Furthermore, m order to rule out 
the possibdity that effects of the supplements which were observed 
were due to modification by the supplements of the level of food and 
pyndine mtake, it was necessary to measure accurately the food con- 
sumption of the animals of the various groups, and to control the food 
consumption m some of the experiments 

METHODS AND MATERIALS 

Animals 

Young male rats of vanous ages and strains were used m the expen- 
ments, which m most cases were contmued for a month or longer 
Further data concermng the animals used in each experiment are given 
m table 2 Pnor to startmg the experiments the animals were fed a 
stock diet’ Rats from common pools were distnbuted equally among 
the control and experimental groups The animals of the vanous 
groups in each experiment were comparable in age, size, strain, and 
in previous treatment The animals were not extensively studied in 
regard to intercurrent diseases Diarrhea, vertigo, respiratory distress, 
and enlargement and darkemng of the spleen, pulmonary suppuration, 
and small foci of necrosis in the hver were occasionally observed in- 

’ The rats employed in the experiments summarized in charts 1 and 2 were fed 
Rockland rat diet, while those of other experiments received Purina fox chow 
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dmdually or m combinations m control amrnals Death or senous 
illness in control amrnals was rare but was occasionally noted No 
extensive liver or kidney lesions, and no lesions having the character- 


TABLE I 


Composilton of Experimental Diels 


1 

no 1 

1 

NO 2 ! 

NO 3 

NO 4 


% 

% 

% 

% 

Casein” j 

10 

18 

25 1 

20 

Lard 

20 

20 

1 



Hydrogenated vegetable oil 

— 

— 

19b 

19= 

Com oiP 

— 

— 

1 

1 

Sucrose 

30 

22 

50 8 

55 5 

Corn starch” 

29 

29 





Salt mixture' 

4 

4 

4 

4 

Yeast 

5 

i 5 

— 

— 

Cod liver oil 

2 

1 2 

— 

— 

L cystine supplement 




02 

Choline chlonde supplement 



0 2 

0 3 

Vitamin supplements 

B 

B 

1 + 

1 + 


Vitamin supplements per kilogram of Diets 3 and 4 


Thiamme chloride 

Pyridoxme 

Riboflavin 

Ca pantothenate 

Nicotmic acid 

Inositol 

Ascorbic aad 

Para amino benzoic acid 


20 mg Biotin 
20 Fohc aad 

30 2-Methyl-l,4-naphtho- 

50 qumone 

200 dl-a-Tocopherol ace- 

500 tate 

500 Vitamin A cone 

10 0 Vitamm D cone 


0 1 mg 
0 2 

1 5 


15 0 

60,000 US P units 
6,000 US P umts 


‘ The casein used in diets 1 and 2 had not been eitracted Vitamin test casern (General 
Biochemicals, Inc ) was used in diets 3 and 4 
>> “Covo” 

' "Casco" 


■i “Mazola” 

“ “Argo” com starch 
' Osborne and Mendel iSl 2 


istics of those attributed to pyndine, were ever observed m control 
ammals Results with different strains of rats were apparently quite 
umform The effects of pyndine m other ammal speaes have not been 
investigated 

Expertviental Diets 

The composition of the four basic diets, some of which have been 
desenbed previously (Baxter, ’48a), are shown m table 1 Diets 1 and 
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2 contained only 250-300 mgm of dioline chlonde per kdogram of 
diet, and the casein levels were not snffiaent to supply optunum 
amounts of the sulfur-contaming ammo aads Diet 3 contained ap- 
parently op timum amounts of cholme, and the casern level was suffi- 
aently high that the gam m weight per gram of food on the diet was 
not mcreased by addmg methiomne Diet 4 also contained at least 
optimum amounts of cholme and the sulfur-contammg ammo aads, 
and was employed because of the objections to diet 3 which were 
previously discussed (Baxter, ’47b) 

The concentrations of pjTidme atrate^ and of the dietary supple- 
ments, which alone and m combmations were added to the basic diets, 
are mdicated m table 2 

General plan of experiments 

In experiments emplojung each of the four basic diets individually, 
comparable groups of rats were transferred from the stock diet to 
each of the followmg regimens ad hbttiim 1) basic diet alone, 2) basic 
diet plus methiomne, 3) basic diet plus pyridine atrate, and 4) basic 
diet plus pyndme atrate plus the vanous dietary supplements, smgly 
and m combmations 

The experimental diets prepared from each basic diet were fed simul- 
taneously and under the same conditions, and the effects on health, 
growth, and survival of the a nim als were noted The rats were housed 
m mdividual cages with large-mesh saeen bottoms, and weighed at 
mtervals of 1 to 3 days The daily food consumption was followed m 
animals of many of the groups Autopsies were performed on the am- 
mals which died, and sections of hvers and kidneys were examined 
miaoscopically m a great many cases The probabdity that some 
of the experiments were terminated too early to show the maximum 
difference in survival among the different groups, is evident from 
inspection of the charts The experiments were termmated because of 
the interest m the morphological changes which occurred in the hver 

■* Purchased from A D Mackay Co , New York City The manufactunng chem- 
ist reported that this substance was prepared from equi-molar quantities of pyn- 
dme and atric acid, which were allowed to react m warm alcohohc solution The 
product was allowed to crjstalrze and was washed with absolute alcohol A 
Kjeldahl determmation done on the compound as it was used m the diets, without 
drymg, showed 4 6% N, compared with a theoretical value of 5 17% N for the 
monopyridme salt 
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and kidneys on the various modifications of the diets, observations on 
the frequency and degree of liver damage in the surviving ammals, as 
well as the observations on the length and rate of survival in the van- 
ous groups, were taken into consideration in formulating the conclu- 
sions 


TABLE 2 


Expertmental Condtitons Employed wtth Various Basic Diels 



ANIUALS 

COJfCENTBA 

CONCEimiATION OP SUPPLEMENTS 


Initial weight 

Strain 

PYKIDINE 

aiHATE 

(P) 

Methio 

nine 

(M) 

Cystine 

(Cy) 

Choline 

(Ch) 

Thio 

uraal' 

(Th) 


Gm 


% 

% 

% 

% 

% 

Diet 1 
(Chart !)• 

Majority 

SO-80 

Piebald ani- 
mals of 

mixed strain 

0 34 

0 5 

0 4 

0 3-2 0 

0 2 

Diet 2 
(Chart 2) 

50-80 

Sprague-Daw- 

ley 

0 7 

1 0 

0 8-16 

1 0 

1 

0 3 

Diet 3 
(Chart 3)<> 

Compara- 

able 

groups 

80-250 

Sherman 

1 0 

1 0 

0 8 

1 0 

0 2 

Diet 4 
(Chart 4)° 

40-60 

Sherman 

1 0 

1 0 




Diet 4 
(Chart 5) 

40 

Sherman (dif- 
ferent 
source) 

1 0 
(Inj)'' 

1 0 





“ Growth curves of similar ammals on diet 1, with and without pyndine, have been 
pubhshed previously (Baxter, ’47a) 

Data on food consumption of control animals and animals given supplements of 
methionine are shown in table 4 

“ See table 3 for data on food consumption and growth of some of the animals of this 
experiment 

** Pyridine by mjection as descnbed in text 

“ Results with thiouracil are included in the charts, see footnote 3 for discussionof 
prelimmary results with substances other than methionine, cystine, and chobne 


The influence of methiomne supplements on the injury produced 
by diets contaimng pyridine citrate was further studied in experiments 
utilizing paired-feeding techniques In the first and second of these 
expenments, employing diets 3 and 4 respectively, animals of the 
groups with and without methiomne supplements were paired, and 
the nnimnis not receiving the added methiomne were allowed to eat 
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ad hbikm The twins receiving the methionine supplements were then 
offered equivalent amounts of food on the following day Smce some 
of the aTumpIs of the latter groups failed at times to eat all of the food 
offered, the pairing was not entirely satisfactory In the third experi- 
ment, the food of all animals was arbitrarily limited to 3 2 grams, 
placed m the cages at the same time each day A similar techmque 
was successfully employed m previous experiments with pyndme- 
contaimng diets (Baxter, ’48a) 

The influence of different levels of consumption of pyndme-contam- 
ing diets on survival of the animals was noted in the experiments with 
ad libitum feeding and was specifically studied m one experiment with 
controlled food intake 

Advantage was taken of the opportumty afforded by the paired- 
feedmg experiments to compare agam the toxiaty of pjmdme fed m 
the diet, with that of eqmvalent amounts admmistered by daily in- 
jection 


RESULTS WITH AD UBITUM FEEDING 

Effects of haste diets alone 

Almost all of the animals receiving the basic diets alone, without 
added pyndme or dietary supplements, survived and remained well 
throughout the experimental penods Some animals on diet 1, and 
less frequently on diet 2, developed fatty changes m the hver, but the 
changes were usually not extensive and usually did not result m fibro- 
sis dunng the experimental penods Effects of certam of the diets have 
been desenbed m more detail elsewhere (Baxter, ’47a, Baxter, ’48a) 
Food mtake, growth rate, and gam m weight per gram of food were 
considerably less on diet 1, and somewhat less on diet 2, than on diets 
3 and 4 


Effects of haste diets plus supplements of methionine 

Additions of supplements of DL-methionme (of the same sizes mdi- 
cated m table 2) resulted m an mcrease in food consumption, growth 
rate, and gam m weight per gram of food with diet 1, and to a much 
lesser extent with diet 2 With diets 3 and 4, the average food consump- 
tion and growth rate remamed the same as without the supplement, or 
mcreased shghtly, while the gam m weight per gram of food remamed 
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approximately constant (table 3) A few of the ammak receiving 
methiomne supplements, particularly with diet 4, developed diarrhea 


TABLE 3 

Effects of Supplements of m.-Metlnomne and Pyndme Citrate on ad libitum Food Con 
sumption and Growth on Diets 3 and 4 



DIET 3 

DIET 3 
PLUS 
1% 

UETHIO 

NINE 

DIET 4 

wmr 

OUT 

CYSTINE 

DIET 4 

DIET 4 
PLUS 

1% 

METEIO 

NINE 

DIET 4 
PLUS 
1% 
PYRl 
DINE 
CITRATE 

DIET 4 
PLUS 1% 
PYRIDINE 
CITRATE 
PLUS i% 
UETHIO 
NINE 

DIET 4 
PLUS 
1% 
PYEI 
DINE 
CITRATE 

DIET 4 
PLUS 1% 
PYRIDINE 
CITRATE 
PLUS 1% 
METHIO- 
NINE 







Senes A 

Senes A 

ScnesB'* 

Senes B** 

Imtial average 
body weight, 
gms 

43 3 

44 5 

43 7 

44 9 

45 0 

45 7 

45 1 
(44 7) 

50 0 

S3 0 
(52 2) 

Average gam m 
weight during 
first 2 weeks 
on diets, gms 

43 2 

49 3 

38 0 

43 3 

40 6 

35 8 

33 7 
(38 3) 

28 5 

22 1 
(27 8) 

Average food 
consumption 
dunng first 2 
wks on diet, 
gms 

82 

93 

1 

1 

i 81 

1 

88 

84 

81 

81 

(86) 

69 

62 

(72) 

Gam m weight 
per gram of 
food, gms 

0 53 

0 53 

0 47 

0 49 

0 49 

0 44 

0 42 
(0 45) 

0 41 

0 36 
(0 39) 

No of animals 
included m 
calculations 

6 

i 

5 

6 

6 

5“ 

i 

3 

S'* 

(3)" 

7 

11 

(7)» 

No ammals ex- 
excluded be- 
cause of death 
dunng expen- 
mental period 


1 


1 

1 

1 

3 

1 

6 

2 


* One of these animals ate and grew poorly 
•> One of these animals developed diarrhea 

“ The figures enclosed m parentheses above were calculated on the basis of the number 
of animals mdicated here, exhibitmg the best growth 

^ This senes of animals ate poorly at the beginning of the espenment 
The data in this table were obtamed in part from the expenment summarized m chart4 


or died Whether methiomne was responsible to some extent for this 
morbidity and mortahty, was not determined 
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Effects of lastc diets plus pyndtne citrate 

The addition of pyndine atrate to the basic diets caused some de- 
crease in food consumption and growth rate on all of the diets This 
effect was so great with diet 1 that the animals often ceased to grow 
or even lost weight (Baxter, ’47b), while with diets 3 and 4, average 
food mtake, growth rate, and gam m weight per gram of food were 
much less substantially decreased, and sometimes they were almost 
as great as with the basic diets alone (i e , the animals receivmg 6 4 
grams of pyndme-contaimng diet, chart 5 ) The effect of additions of 
pyndine on the effiaency of utdization of the food at any given level 
of food mtahe was not specifically studied, though on diets 3 and 4 
where a nim als with and without pyndme sometimes consumed com- 
parable amounts of food, it appeared that there was no great differ- 
ence m rate of growth m the two groups pnor to development of illness 
in the animals receivmg pyndme 

After eating the diets contammg pyndine atrate for several days 
or more, some of the animals began to dnnk larger amounts of water 
than normal and to excrete correspondmgly large volumes of unne 
A more ominous sign was a gam m weight out of proportion to the 
amount of food consumed, which was most readdy detected in animals 
fed the same measured amount of food dady, and which was apparently 
due to the development of anuna or ohguna with abnormal retention 
of flmd Durmg this stage, the scanty unne often contained high con- 
centrations of protem, in most cases neither red blood cells nor hemo- 
globin was observed m the unne, though pigment casts were occasion- 
ally seen m the renal tubules At the same tune, the a nim als often 
appeared pale, with httle blood m the vessels of the ears, tad and skin, 
and sometimes felt quite cold to the touch Blood was sometimes 
passed by rectum, perhaps as a result of portal congestion Excessive 
tearmg and passage of flmd from the nose not infrequently occurred, 
and the penneal region was often wet with unne Such animals often 
died within 24 hours, but some of them m mdder degrees of shock 
ralhed and hved for longer penods It appeared that renal mjury of 
considerable degree usually occurred only foUowmg hepatic mjury, 
and that it was caused m part by shock which often accompamed the 
hepatic injury (Baxter, ’49) When hepatic injury was prevented, 
the renal injury did not occur The renal injury differed from that oc- 
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curnng in the hemorrhagic-kidney syndrome of chohne defiaency 
(Baxter, ’47a) It occurred in adult as well as young rats, and was not 
influenced by chohne Lesions of the hvers and kidneys similar to those 
already descnbed (Baxter, ’48a, ’48b) were found in the anunals which 
died, and in some of those which were sacrificed for autopsy (figures 
1 and 2) 


TABLE 4 

Ejects of Adding Methionine to Diet No 3 Containing Pyridine, on Daily ad libitum Food 
Consumption During First 10 Days, and on Length of Survival of Animals 


DIET NO 3 
PLUS 

SAT 

NO 

INITIAL 
WTIGKT OP 

POOD CONSmiED DUIUNC SUCCESSIVE 

24 EE FESIODS 

PEEIODOP 

SUEVIVAL 



AwiH aIiS 

1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

Average 

OP AKUALS 



gm 


E 

•c 

E 

«« 

E 

he 

E 

he 

E 

he 

E 

he 

E 

te 

E 

he 

E 

he 

gm 

days 

1% pyndme 


112 

8 

6 

7 

8 

8 

8 

8 

8 

7 

8 

7 6 

15 

atrate 


133 

8 

7 

7 

7 

8 

9 

9 

9 

11 

10 

8 5 

13 



116 

8 

7 

9 

m 

9 

m 

9 

« 



8 9 

7 



235 

10 

3 

8 

12 

14 

12 

12 

14 

13 

* 

10 9 

9 


s 

101 

7 

7 

E 

7 

m 

12 

12 

12 

14 

11 

10 1 

13 


6 

81 

4 

7 

6 

5 

8 

8 

5* 




6 0 

6 



(av 130) 











(av 8 7) 

(av 11) 

1% pyndme 

vt 

91 

8 

Z 

0 

I 

I 

6 

9 

9 

3 

* 

4 8 

9 

citrate, 1% 

8 

143 

8 

9 

9 

1 

m 

11 

12 

14 

14 

14 

11 3 

14 

Di^-methio- 


139 

8 

11 

9 

12 

13 

11 

8 

15 

12 

7 

10 6 

120+ 

nine 

10 

245 

12 

6 

7 

13 

12 

12 

12 

17 

16 

13 

12 0 

25 


11 

98 

2 

10 

9 

6 

9 

9 

9 

10 

2 

7 

7 3 

34 


12 

81 

8 

6 

15 

4 

6 

6 

8 

8 

7 

8 

7 5 

120+ 



(av 133) 











(av 8 9) 

(av 54+) 


* Animal died 

t A refusal to eat the eicpenmental diet, such as this ammal exhibited, was infrequently 


observed 

The data m this table were obtamed from the experiment summarized in chart 3 

The ammals of this expenment were less umform in size than those of other expen 
ments 

As in the previous studies, the chrome hepatic lesions produced by 
pyndine in diet 1, and to a lesser extent by pyridine in diet 2, some- 
times exhibited advanced stages of fatty infiltration with an early 
development of extensive diffuse fibrosis The lesions which developed 
with iets 3 and 4 contaimng pyridine usually showed little visible 
fat and consisted essentially of central necrosis together with vascular 
congestion and hemorrhages, followed by diffuse post-necrotic scarnng 
and finely nodular regeneration 
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As previously noted, some of the animals on the pyndine-contammg 
diets were observed to survive for weeks or even months with httle 
evidence of illness, only to develop then a sudden and extensive hver 
necrosis with no apparent additional preapitatmg cause The hvers 
of these animals exhibited certain changes pnor to the development 
of the widespread necrosis which will be descnbed elsewhere 

Tn many experiments employmg ad hbilum feeding, it appeared that 
animals with the smallest intake of the pyndine-contammg diets were 
the ones wlqch were most likely to develop early fatal hver and kidney 
damage On the other hand, some animals were observed to die follow- 
ing a relatively large food intake contmmng up to the tune of death, 
and others survived for long penods m spite of continuously or mter- 
nuttently low levels of food consumption 

Modification of the effects of the basic diets containing pyridine citrate 
by supplements of various dietary factors 

The results obtamed with ad libitum feedmg of the four basic diets 
contaimng pyndme atrate plus vanous dietary supplements, are sum- 
marized m charts 1, 2, 3, and 4 ® In general the frequency and degree 

'As a means of testing certam ideas concerning possible mechanisms of the 
mjury produced by pyndme, the following supplements m addition tomethionme, 
cystme, and chohne, have been tried m prehmmary experiments, with ad libitum 
feedmg m diet 3, for protective effect against pyndme sodium thioglycollate, 
Bntish anti-Lewisite (BAL), BAL plus chohne, methyl pyridmium chloride, mco- 
timc aad, yeast nucleic aad, succmylsulfathiazole, pyribenzamme, rutm, thioura- 
cil, thiouracd plus desiccated thyroid, desoxycorticosterone (by daily mjection), 
stilbestrol, contmuous inhalation of 100% oxygen, and inhalation of 10% ox>gen 
m mtrogen The results with thiouracil are shown m charts 1, 2, and 3 P3indme 
mjury of lethal degree apparently was prevented to a considerable extent by this 
substance — a pomt of resemblance of the pyndme mjury to the hver mjury pro- 
duced by low protem diets defiaent m chohne (Gyorgy and Goldblatt, ’45) The 
animals receivmg thiouracil developed greatly enlarged thyroid glands, the pro- 
tection was at least partially abohshed by simultaneous administration of desic- 
cated thjrroid The supplements of thiouracil caused a moderate decrease m dafly 
consumption of the pyndme-contaimng diets The animals not infrequently ap- 
peared ill, and some survivmg animals were found to have scarred hvers at autopsy 
BAL plus chohne, breathmg 100 per cent oxygen durmg the experimental penod, 
and particularly large amounts of stilbestrol which greatly reduced the daily m- 
take of the diet, appeared m smgle experiments wnth groups contaimng 6 to 8 
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of injury observed in surviving animals at autopsy appeared greatest 
in the groups with the greatest mortahty dunng the expenmental 
periods However, it was not detemuned with certamty whether the 
supplements which afforded protection exerted their effects against 
the development of all stages of the injury, or only against the late 
changes which resulted in death The effects of the individual supple- 
ments on growth and on certam morphological aspects of the lesions 
vaned somewhat with the different basic diets (Baxter, ’47b), but as 
judged on the basis of survival of the animals, the effect of each supple- 
ment was strikingly similar with all four of the basic diets 
Methionine When supplements of DL-methiomne were added to 
the pyndme-containmg diets, the survival rate of the aniTnals was 
significantly increased throughout the experimental penods, appar- 
ently due to prevention or reduction of hver and kiiiey mjury 
With the various basic diets contaimng pyndine, the effects of 
supplements of methionme on food consumption, growth rate, and 
gain in weight per gram of food were approximately the same as has 
already been descnbed above m the cases of addition of metbomne to 
the basic diets without pyndme Food intake and growth rate were 
considerably mcreased on the diets of lower protein levels (see growth 
curves, Baxter, ’47b), but with diets 3 and 4, there was usually no 
significant change in average food consumption, growth rate, or gam 
m weight per gram of food (tables 3 and 4), and individual animals 
of the groups with and without methiomne could usually be paired 
fairly satisfactorily on the basis of approximately equal food consump- 
tion In some experiments employing these latter diets, the average 
food intake of surviving animals was less in those groups receiving 
methionine than m comparable groups without the supplement On 
doser analysis, however, it was usually apparent in those cases that 
most of the a nimals which died were those with the smaller intake 
of food, and the greater survival of animals in the groups receivmg 
methiomne, including those with low levels of food consumption, was 
responsible for the lower average food intake in t hese groups (table 3) 

ammak each, to decrease the hver damage and mortality These supplements, 
together with tocopherol, probably deserve further study The remaining sub 
stances had no apparent effect on the results, with the possible exception of breath 
mg 10 per cent oxygen, and daily desoxycortocosterone mjections, which seeme 
to inaease damage 
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TIME IN DAYS 

Chart 3 Results with ad hhtum feeding of modifications of diet 3 See table 2 and legend of chart 1 for explanation 
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Cystine Supplements of L-cystme, m amounts equivalent on the 
basis of sulfur content to the DL-metbionine used, were employed 
with the first three diets In general, the ammals receiving this sup- 
plement grew at about the same rate as those receiving methiomne 
Cystme caused some increase m survival of the animals, but it was 
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Chart 4 Results with ad Ithluin feeding of modifications of diet 4 For explana 
tion, see table 2 and legend of chart 1 


not as effective as methiomne Twice the equivalent amounts of cystine 
in one experiment chd not improve the results Particularly on the 
first two diets, the livers of the ammals receiving cystine appeared to 
be larger and more fatty than those of most of the ammals receiving 
pyridme alone, but necrosis in adchtion to fatty changes was observed 
in the hvers of the cystine-treated ammals which died 
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Choline Choline chlonde in amounts eqmvalent, on the basis of 
content of methyl groups, to from 1 to about 6 times the amount of 
methiomne employed, were added to the pjoadme-contauung diets 
On none of these chohne-supplemented diets did the animals signifi- 
cantly outhve the controls Food consumption was uninfluenced or 
shghtly decreased by supplements of chohne In spite of the failure 
of chohne to decrease mortahty, chohne apparently did produce some 
modification of the lesions which occurred with diets 1 and 2, mdud- 
mg a reduction m the fatty changes, and it is possible that some de- 
crease m mortahty attnbutable to chohne might have been observed 
m experiments of longer duration, provided that a sufficient number 
of the pjuidme-treated animals had survived the early penods 

Cystine plus chohne In the experiments with diets 1 and 2, the groups 
receiving the combination of cystme and chohne appeared healthier 
than those of any other groups, and survival of the animals m the 
groups receivmg the combmation was considerably greater than that 
with cystme or chohne alone, and at least as great as with methiomne® 
Not only was fatty infiltration of the hver less with cystine plus chohne 
than with cystine alone, but necrosis also was less when chohne was 
added simultaneously Even on diet 3, it appeared that the protective 
effect of cystme plus chohne, like that of methiomne, was probably 
greater than that of cystme alone 

RESULTS WITH PAIRED FEEDING 

Although it appeared from the results of the experiments with ad 
libitum feedmg that the protective effect of methiomne supplements 
was not due to a modification of the level of food and pjordme con- 
sumption by this supplement, never-the-less the effects of adchtions 
of methiomne were further mvestigated m paired-feedmg experiments 
conducted as already described The results of the latest and most 
satisfactory of these experiments are shown m chart 5 The animals 
of the groups allowed 3 2 grams of food daily invariably ate all of the 
chet offered, and consequently the daily food mtake of all of the am- 
mals of these groups was equal 

' It should be noted that while the cystine of this combmation was equivalent, 
on the basis of sulfur content, to the methiomne used m each experiment, the 
chohne of the combination was considerably greater than the methiomne m its 
content of methjl groups 
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Effects of hmitahon of intake of pyridme-contaimng diets 

In one small group of annuals fed 6 4 grams daily of diet 4 containing 
pyndme (chart 5), it appeared that the average length of survival was 
appreciably greater than m a similar group of ammals allowed only 3 2 
grams of the diet per day This observation suggested that the bene- 
fiaal effects of the greater food intake more than outweighed any 
deletenous effects of the increased simultaneous intake of pyndme 
The ammals consuming 3 2 grams of food per day grew much less 
rapidly than those receiving 6 4 grams, but they continued to gam 
weight slowly and appeared to be adequately nounshed throughout 
the experimental period The ammals receiving 6 4 gr ams of food grew 
rapidly, they usually ate all of the allotted food but occasionally left 
small amounts unconsumed The level of food intake was greater than 
observed m certain groups of ammals of s imil ar size with ad libitum 
feeding 

It has already been pointed out that the animals with the lowest 
levels of daily food intake in the ad libitum feeding experiments were 
often the first to become ill and die Whether the low level of food con- 
sumption was a cause or a result of injury could not always be deter- 
mined On the other hand, certain substances which moderately 
(thiouracil) or considerably (stilbestrol) decreased daily consumpbon 
of the pyridme-contaimng diets, appeared in preliminary experiments 
to afford protection against the diets Perhaps these substances afforded 
protection in spite of, rather than because of, the decreased food con- 
sumption, but further studies are necessary 

Effects of methionine supplements 

In all of the paired-feeding experiments, as in the experiments with 
ad libitum feeding, survival was greater throughout the experimental 
penods in groups receiving supplements of methiomne than in the 
corresponding groups not receiving these supplements This protective 
effect of methiomne is well illustrated by the results shown in chart 
5 The growth rate of ammals receiving 3 2 grams of the pyndine- 
contaimng diet with and without methiomne, was approximately 
equal All of the surviving ammals of the group receivmg supplements 
of methiomne appeared in moderately good condition at the end of 
the three-weeks experimental penod 
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Effects of omitting pyridine from the diet 

At the end of three weeks, six of the eleven surviving ammals of 
the group receiving the pyndine-containing diet with added methio- 
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Chart 5 Results with controlled feeding of diet 4, comparing effects of two dif- 
ferent le\ els of dailj intake of the p3Tidine-containing diet, the effects of pyndme 
in the diet and pjTidme b> injection, and the effects of the pvndine containmg 
diet with and without added methionine See table 2 and legend of chart 1 for 
explanation of sjunbols 


nine (chart 5) were changed to 3 2 grams daily of diet 4 from which 
the pyndme atrate had been omitted The rema inin g five animals were 
continued on the pyndme-containmg diet Withm 24 hours, two of 
the SLx animals changed to the diet without pyndme were dead, while 
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all of the animals continued on pyndme survived and appeared well 
Pyndine was later omitted from the diet of the five ammalg contmued 
on pyndme, and one of them died within the following 24 hours This 
observation would have been considered a comadence of no significance 
except for the fact that by way of termmatmg experiments on two 
occasions in the past, the animals surviving after several weeks on 
pjuidine-contaimng diets were placed together m cages with stock 
diet of which they ate hardily, and a considerable proportion of them 
were found dead the next morning 

Effects of injected pyndme 

The small group of animals receivmg pjnndme by mjection (chart 
5) were given daily 0 65 cc of a 2 per cent solution of pjoidme base 
(approximately 30 per cent more pyndme than was eaten m the diet 
by the ammals receivmg an equal amount of diet contaimng pyndme 
atrate) subcutaneously for one week, 0 65 cc mtrapentoneally dunng 
the second week, and 1 2 cc mtrapentoneally dunng the third week 
The injections always were given 30 minutes after the ammals received 
the daily diet allotment Particularly dunng the latter part of the 
experimental penod, those animals receiving pyndme by injection 
appeared dl and did not eat all of the hmited amount of food offered 
them However, survival of the animals was much greater m this group 
than in the group receivmg pyndme atrate in the diet There was httle 
or no evidence of hver or kidney mjury m the ammals receivmg in- 
jections, and it was doubtful that such mjury caused the death of the 
single animal which did not survive 

DISCUSSION 

When the sulfur-contaimng ammo aads were employed in the early 
experiments with diet 1, defimte protective effects were observed 
However, it seemed important to define further the arcumstances 
under which these supplements might be expected to afford protection 
against pyndine, and to determine if possible the mechamsm of the 
effect As with diet 3 in the previous study (Baxter, ’47b), results with 
diet 4 indicated that the protective effects of methiomne and cystine 
were not due entirely to mcreasing the nutntional value of the diet 
(as measured by gam in weight per gram of food m rats under normal 
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conditions) by raising the levels of essenbal factors previously present 
m the diet in suboptimal amounts With the earher diets, on which 
supplements of methionme or cystme caused an mcrease m food and 
pyndine consumption, it is possible that part of the protective action 
of the supplements was due to a benefiaal effect denved from the 
increased food intake which more than balanced the harmful effect 
of the sunultaneously mcreased consumption of pyndine With diets 
3 and 4, however, it did not appear that the protective effect of the 
supplements could be explained on the basis of any modification of 
the food or pyndine consumption, and this impression was confirmed 
by the results of the paired-feedmg experiments 

Chohne (Best and Huntsman, ’35) and methiomne (Tucker and 
Eckstein, ’37) have been shown to have a hpotropic effect on fatty 
hvers produced by dietary means, and to prevent cirrhosis produced 
in a similar maimer (Blumbeig and McCollum, ’41 , Daft, Sebrell and 
Lilhe, ‘41 , Gyorgy and Goldblatt, ’42) Most studies indicate that it 
IS the chohne molecule (Welch, ’36, Moyer and du Vigneaud, ’42), 
probably through its role in the transport of fat from the hver to fat 
depots (Stetten and Salcedo, ’44), that is hpotropic, and that methi- 
oiune is active m this respect only through its abihty to donate methyl 
groups for the formation of chohne m the body (du Vigneaud, Chandler, 
Moyer and Keppel, ’39, du Vigneaud, Cohn, Chandler, Schenck and 
Simmonds, ’41) Cystme, on the other hand, has generally been recog- 
nized to have an antihpotropic effect (Curtis and Newburgh, ’27, 
Beeston and Chaimon, ’36, Tucker and Eckstem, ’37, Gyorgy and 
Goldblatt, ’42, Earle and Victor, ’42), probably by mcreasmg the 
synthesis of hver fat (Stetten and Salcedo, ’44) 

Not only fatty infiltration and subsequent fibrosis, but also hver 
necrosis and hemorrhages, have been observed to follow the admmi- 
stration of diets defiaent m both chohne and the sulfur-contairung 
ammo aads, and several investigators have obtamed results which 
strongly suggested that these lesions were not all a part of the same 
pathological process, nor all the result of the same smgle (chohne) 
defiaency (Gyorgy and Goldblatt, ’42, Earle and Victor, ’42, Daft, 
Sebrell and Ldhe, ’42) This subject has recently been extensively 
imestigated by Efimsworth and assoaates (Glynn and Himsworth, 
’44, Himsworth and Glynn, ’45a, ’45b), vho have extended these 
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earlier observations with the conclusion that dietary fatty infil tration 
and cirrhosis (diffuse portal fibrosis) are due to deficiencies of hpotropic 
substances (chohne and precursors), while dietary hepatic necrosis 
and sequelae are due to defiaenaes of sulfur-contaimng amino aads 
By using ammo acid mixtures contaimng various levels of methionine 
and cystine, in place of dietary protein, it was observed that while 
methiomne was necessary for growth and mamtenance of normal 
plasma protern and erythrocyte levels, hepatic necrosis was prevented 
by cystine m the absence of methiomne (Glyrm, Himsworth and Neu- 
berger, ’45) Methiomne, and cystine plus chohne (Gyorgy and Gold- 
blatt, ’42, Daft, Sebrell and Lilhe, ’42, Green and Brunschwig, ’46), 
as might be expected, have been found effective against both fatty 
changes with subsequent fibrosis, and also necrosis, produced by dietary 
means 

The fact that fatty infiltration which was often observed in the pres- 
ent studies when pyndine was added to diet 1, and to a lesser extent 
with diet 2, was largely eliminated by the use of diets 3 and 4, which 
contained optimal levels of chohne and sulfur-contaimng ammo acids, 
suggested that the fatty changes were chiefly due to dietary defiaenaes, 
which were made more evident by the addition of pyridine but not 
actually caused by pyndme itself, though this conclusion could not 
be arrived at with certainty'^ It seemed likely, as previously pointed 
out (Baxter, ’48a), that necrosis was the important parenchymal 
lesion attributable to pyndine per se, and that the cirrhotic lesions 
which developed in the later periods on diets 3 and 4, despite the finely 
nodular appearance and the umform distnbution of the fihrotic areas, 

The results of unpubhshed studies done in collaboration with Dr C T Ash- 
worth, showed that the fatty changes produced by diet 1 containing pyndine were 
decreased but not prevented by chohne alone They were more completely pre 
vented (as was the necrosis which occurred at the same time) by the addition of 
chohne plus cystme, or methionme, while they were often mtensified by cystine 
alone Interpretation of these observations was comphcated by the fact that food 
intake on diet 1, after the addition of pyndme, was small, and was substantial!) 
increased by the addition of sulfur-contammg ammo acids or casern, but not b> 
chohne alone (Baxter, ’47b) The observations seemed to mdicate that the fatty 
mfiltration was not due entirely to a deficiency of chohne, but that it was perhaps 
due m part to the decrease m food mtake whii often accompanied the addition of 
pyndme to the diet Best (’34) observed that under certam conditions the fatty 
infiltration of starvation was not prevented by chohne 
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were a result of necrosis with persistence of unresolved necrotic areas, 
and thus were different in pathogenesis from the cirrhosis with pen- 
portal fibrosis usually occumng m fatty hvers Fatty changes some- 
times did occur, however, particularly m the early lesions, even with 
diets 3 and 4 Concemmg the question of the distmctiveness of the 
fundamental disturbances which result m fatty infiltration, on the 
one hand, and necrosis, on the other, the results allowed no defimte 
conclusions It is perhaps significant that the sidfur-contaimng ammo 
aads, but not chohne, afforded defimte protection agamst hepatic 
necrosis, both as it occurred in the present and other (Miller, Ross and 
■\Vhipple, ’40) experiments with toxic agents, and also m the studies 
discussed above employing defiaent diets, though the degree of pro- 
tection of course differed greatly under the two sets of arcumstances 
The possible effects of varying the amounts of tocopherol m the diets 
(Gyorgy and Goldblatt, ’49) have not been studied specifically, though 
diets 3 and 4 contamed ordmanly adequate amounts of this factor, 
while none was added to the earher diets 

The enhancement by chohne of the protective effect of cystine, m 
spite of the meffectiveness of chohne alone, such as was observed m 
the present study, has been noted by others under other arcumstances 
(Gyorgy and Goldblatt, ’42, Glynn, Himsworth and Neuberger, ’45, 
Green and Brunschwig, ’46), but the explanation of this phenomenon 
has not been entirely clear Smce methionme is a dietaiy essential 
which cannot be replaced by cystme (\^Tiite and Beach, ’37), though 
it can be replaced by the unnatural ammo aad, homocystine, when 
accompamed by an adequate supply of methyl donors (du Vigneaud, 
Chandler, Moyer and Keppel, ’39), there seems to be httle evidence 
upon which to postulate that the effectiveness of the cystme-chohne 
combmation was due to the abdity of the body to form methionme 
from this combmation Furthermore, the effectiveness of the combma- 
tion under the conditions of the present experiments did not appear 
to be due m whole to a spanng of dietary methionme, but rather to 
actions of the supplements per se 

One possible explanation of the greater effectiveness of the cystme- 
chohne combmation or of methionme, than of cystme alone, is that 
two independent pathological processes — ^perhaps necrosis and fatty 
infiltration — resulted from the administration of pyndme, one of 
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which was counteracted by cysfane and the other by chohne, while 
methionine was effective against both as a result of its dual role in 
the body An explanation more completely m keeping with the present 
observations appears to be as follows Cystine or a related substance 
was the factor which afforded protection against the necrosis produced 
by pyndine However, when the diet was already defiaent, or adequate 
but hnuted, in chohne, cystine produced in addition to its protective 
action, toxic effects of its own due to the induction of a relative chohne 
defiaency, which hnuted the benefiaal effect of cystme, particidarly 
in the later periods When chohne was added at the same time as 
cystine, the toxic actions of cystme (m the amounts employed) were 
neutralized by the chohne, and the protection against pyndine was at 
least as great as with methiomne 

That the effects of pyndme-contaimng diets were not determined 
alone by the pyndine dosage, but were influenced to a substanbal 
degree by certain other dietary and metabohc factors, was indicated 
not only by the protective effect of the sulfur-contaimng ammo aads 
against injury produced, but also by several additional observatons 
In the first place, the effects of pyndme which have been descnbed, 
were regularly produced only when pyndine was fed in the diet, 
pyndine appeared to be less toxic when admimstered separately, ac- 
cording to the schedule employed Furthermore some evidence seemed 
to indicate that limitation of the daily intake of the toxic pyndine- 
contaimng diets, at least within certain ranges, increased rather than 
decreased the injury and mortahty resulting from the diets The results 
with thiouracil supplied further evidence that the injury was influenced 
by general metabohc factors Finally, observations on several occa- 
sions suggested that a significant rate of mortahty might have been 
assoaated with the ormssion of pyndme from the diet of anunals 
after they had survived for several weeks on pyridine-contaimng diets 

The observation that the addition of 2 per cent sucanylsulfathiazole 
did not influence the effects of the pyndme-contaimng diets (footnote 
5), constituted some evidence against the supposition that the greater 
toxiaty of pyndme when incorporated m the diet might have been 
due to formation of a more toxic substance from pyndme by bactenal 
action, and the presence of the odor of pyndme in the tissues of pyn- 
dme-injected a mm a.k for more than 24 hours after the last injection 



DIET AND pyEIDXNE LIVER INJURY 


163 


cast doubt on the possible explanation of this phenomenon which 
was previous^ suggested, that the greater toxiaty of pyndme when 
ingested in the diet was due to its more nearly continuous presence 
in the body when admimstered by this method 

The wide vanation in the effects of pyndine-contaming diets noted 
in various individual animals, and the observation that some animals 
on the pyndine-contaimng diets developed extensive hepatic necrosis 
without obvious explanation after mgesting the diets for long penods 
of time without significant illness, prompted consideration of the possi- 
bihty that the effects of pyndme rmght be to a considerable degree 
conditioned or complemented by other environmental factors, such 
as, for example, intercurrent infectious diseases Although such a 
possibhty could not be entirely ehmmated, it does not affect the sig- 
nificance of the results 

Suffiaent data has not been obtained on the effects of different con- 
centrations of pyndme m a smgle diet, with mtake of the diet mam- 
tamed constant, to draw defimte conclusions regarding the degree of 
correlation which exists between pyndme dosage and toxic effects, 
when other vanables are ehmmated 

The results of the experiments illustrated well that the physiologi- 
cal effects of admimstered substances may be influenced by composi- 
tion and quantity of the diet, and that the effects of single dietary 
factors may be influenced by the levels of certam other dietary factors 
Companson of racemic methionme with the natural cy^stme isomerwas 
undesirable, but perhaps permissible (Jackson and Block, ’38) 

Smce it would have been necessary m any event to measure and 
control food mtake, no obvious disadvantages resulted from the neces- 
sity of admimstenng the hepatoxic substance m the diet The long- 
term experiments were facflitated by the ease of a dminis tration of the 
substance m the diet, and it was perhaps possible by the contmuous 
admmistration of the mjunous agent, to reproduce more closely con- 
ditions responsible for certam tjqies of clmical hver mjuiy than can be 
accomphshed by the mjection of hepatoxic substances at infrequent 
mtervals Fmally, it should be pomted out that the mcrease m survival 
produced by supplements of the sulfur-contaimng ammo aads prob- 
ably should be regarded as due chiefly to prevention of mjurj', or of 
certain comphcations of the mjury, rather than to cure of mjuiy 
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SUMMARY 

Pyndine, when administered to rats in diets contaimng low levels 
of casetn and choline, appeared to induce both necrosis and fatty 
changes in the hver, but with more nearly optimum diets, necrosis 
along with vascular engorgement and hemorrhages m the central areas, 
and their sequelae, were the prominent morphological alterations which 
resulted Renal damage often occurred in ammals with hepatic injuiy 

The injury induced by ad libitum or controlled feeding of the pyudine- 
contaimng diets was prevented to a considerable extent by supple- 
ments of methionine, and survival of the animals was sigmficantly 
increased Cystine also produced some degree of protection, but wii 
the basal diets employed, none of which contained greatly excessive 
quantities of chohne, cystine was less effective than methionine Choline 
alone, did not appreaably influence survival of the animals, however, 
it did enhance decidedly the protective effect of cystine The protective 
effect of cystine plus choline appeared greater than the sum of the effects 
of the individual factors, and this combination was at least as effective 
as methionine 

Observations on small groups of animals with ad libitum feeding, 
suggested that a considerable degree of protection was provided against 
fatal pyndine-mduced injury by thiouraal, perhaps as a result of its 
general metabohc effects 

The protection afforded by the siflfur-contaimng amino aads, at 
least in the diets already containing the higher levels of these factors, 
did not appear to be the result of an increase m the nutritional value of 
the diets as measured by gam m weight per gram of food under normal 
conditions, or of any influence on intake of food and pyndine The 
mechanism of the protection afforded by methiomne against the toxic 
effects of pyndine m the diet was not determined, nor is it possible to 
predict the extent of the circumstances under which a similar protective 
effect of methionine against hver and kidney injury rmght be expected 
to occur 

The effects of the individual dietary factors are considered in rela- 
tion to their known nutritional and metabohc actions, and possible 
explanations of the greater effectiveness, under certain conditions, of 
the cystine-chohne combination than of cystine alone are discussed 

Pyndine was observed again to be more toxic when admimstered in 
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the diet than when given by daily parenteral injections Limitation of 
mtake of pyndine-containing diets perhaps mcreased rather than de- 
CTeased the toxic effects produced, and a possibly significant rate of 
mortahty was observed when pjnidine was omitted from the diet of 
rats which had survived for several weeks on pyndine-contaming 
diets 
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PlATE 1 

Fig 1 A section from the liver of a rat which became critically ill with pale, 
cold skm after 2 weeks on diet 3 contammg p}Tidine, and was autopsied at that 
tune The hver was enlarged, dark, and engorged with blood The section shows 
extensive necrosis in the central portions of the lobules, with many red blood cells in 
the necrotic areas The walls of many of the smusoids and central vems within the 
necrotic areas showed evidence of severe damage, with extravasations of blood 
The hepatic cells about the vessels of the portal triads (sectioned obhquely) ap" 
peared normal Hematoxyhn and eosm stam X 40 

Fig 2 Section from a kidney of a rat after 1 month on diet 1 contammg pyndine 
The anunal did not appear definitely ill when autopsied, but recently had survived 
a severe episode of illness and was not eatmg well The hver appeared finely nodular, 
sections showed thm bands of fibrous tissue and marked fatty infiltration of paren- 
chymal cells The section of kidney here illustrated shows degenerative changes m 
the cells of the convoluted tubules, with many dilated tubules hned by flattened 
epithehum and contammg some protem material The dilated tubules extended 
well down mto the medulla Scattered foci of calcification, and of active cellular 
proliferation, were present This type of mjury was not prevented by chohne 
Hematoxyhn and eosm stam X HO. 
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MEETING or THE JOHNS HOPKINS MEDICAL SOCIETY 
IN ASSOCIATION WITH THE ALPHA OMEGA 
ALPHA FRATERNITY* 

Hurd Hall, The Johns Hopkins Hospital 
Monday, April 11, 1949 

Dr Har\c\ The first paper on the program tonight is “The Effect of Urethane 
on Uie susccptibilitj of Mice to Pneumonia Virus of Mice” bj Mr Charles Ira 
Lcftvach, Jr Discussion b\ Dr George S Minck 

The Efed ej Urdhanc on the Stuapitbihly of Mtee to Pnciwwt ta Virus of Mice 
{PVi!) Charles I LEnmcai.jR 

Pneumonia Mrus of mice (P\TM), first desenbed b> Horsfall and Hahn m 
1940, IS a small stnctl) pncumotropic anrus mfectious for mice and, after adap- 
tion, certain other rodents WTien moculated mtranasallj in sufficient amount, 
mice die mtli an interstitial pneumonitis The virus w31 under certam conditions 
agglutinate mouse crjthroc>tes 

Nctlleship and Henshaw in 1943 reported that urethane bad the capaaty 
to stimulate the development of pulmonar> tumors m susceptible strams of mice 
It seemed of interest to studj the effect of urethane on PtTiI It was found that 
the administration of urethane orallj or intrapcntoncall> , either before or im- 
roediatcl) after PXTiI moculation, resulted m a more extensive pneumonitis than 
m control mice The extent of the pneumonitis was related to the urethane dosage, 
and amounts of urethane which produced the effect on P\’hl did not m themselves 
produce pneumonitis Not only was the pneumonitis more extensive, but the 
amount of P\TiI in the lungs of mice receivung urethane was greater than m con- 
trols when titered cither bv hemagglutination or for mfectivntv The capaatv of 
mice to develop antibiodies when immunized wnth PVM was not impaired bv 
urethane The mechanism b> which urethane, which is reported to block cell 
division, can result in increased varus multiphcation has not been eluadated 

Dr G S Mind I have been verj interested m the vvorl which has been re- 
ported bj Mr Lcftwich 

The observations, that the susceptibilitv of a laboratorv animal to a varus 
infection mav be increased as the result of treatment wath a drug, suggests this as 
a possible approach to the isolation of certam varuses One wonders whether other 
varuses, particularlv v iruses affcctmg other s> stems of the host, would be similarlj 

* This meeting, the final meeting of the Johns Hopkins Medical Soaetj held in 
assoaatioa walli the Alpha Omega Alpha rratemit>, emphasized the contribu- 
tions, which were made essentiallv bv students of the School of Mcdicmc 
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affected by this drug The demonstration that urethane, which stimulates the 
development of pulmonary tumors in mice also stimulates a virus which is normally 
latent m the lungs of certain strams of mice, raises the question of the possible 
relationship between the virus and this neoplasm 

Dr Harvey The next paper on the program is “Use of Bal-Mapharsen Com- 
pound in Mouse Trypanosomiasis” by Messrs Benjamin Burrows, John L Saw- 
yers and Thomas H Maren Discussion by Dr Morris Rosenthal (The original 
data upon which this presentation was based was published in the Proceedmgs 
of the Society for Experimental Biology and Medicine, 70 194-197, 1949 ) 

Dr Rosenjeld We were disappomted that the condensation of BAL with 
Oxophenarsme resulted m a product with about one-third the therapeutic mdex 
of the parent arsenical The therapeutic mdex, however, is a quantity that is 
sensitive to the procedure used in testmg therapeutic and toxic action and a lesser 
discrepancy might appear under different conditions of measurement 

An approach similar to that of these workers has lead to the development of a 
new diuretic agent which seems to give promise of clinical usefulness This drug, 
thiomerin, is a mercaptide of sodium mercapto-acetate and the organic mercurial 
present m mercurophyEine In this case, acute cardiac toxicity was vety much 
reduced although the more chrome toxicity, as measured by the 4 day lethal dose, 
was not appreciably changed by formation of the complex A particularly favorable 
attribute of the mercuriol mercaptide is the dimmished local irritation and tissue 
injury I wonder whether the BAL-arsenical condensation product would be suf- 
ficiently devoid of local necrotizing action to permit mtramuscular use? 

Dr Harvey The next paper on the program is “Objective Testmg of Vision 
with the Use of Galvanic Skm Response” by Mr Henry N Wagner, Jr Discussion 
by Dr John E Bordley 

Objective Testing of Vision with the Use of the Galvanic Skin-Resistance Response 
Henry N Wagner, Jr , Psychobiological Laboratory, Phipps Clmic, Johns 
Hopkins Hospital 

Our aim is to outlme a sunple technique for the objective testing of vision 
We have found a technique that is useful as an aid in the diagnosis of psychogenic 
or malmgermg factors in visual defects in man, whether the defects are present 
as a failure of visual acuity or as a limitation of the visual field, and that, with 
modifications, can be used for the study of vision in animals 

We use a skin galvanometer that gives a graphic record of acUvity m the sym- 
pathetic nervous system, recording from the palm and back of the hand the changes 
in the electneal resistance that the skin offers to the passage of a minute direct 
electrical current For visual acuity testmg, the patient is first conditioned to 
expect a mild electnc shock when a given letter is flashed on a screen which he 
faces Bv projectmg the eye chart, one letter at a time, passmg the threshold m 
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both directions, one obtains the \Tsual acuit> b> ob'ser^nng the ua\c record of the 
Esuipithctic nctivntj For pcnmcti> , the patient is conditioned to respond to the 
sight of the s\hitc target dot After the conditioning, the dot is e1ov,1> tno\ed into 
the patient’s field from the pcnphcr> and the response nhen it comes into the 
\isual field is obtamed Visual acuitj has been studied by this method m four 
children, ages 5 to 13, in three eases of ps>chogcnic blindness, m fi\e Wilmcr 
Institute patients, and in sc\cn normals Objective perimetry studies ha\e been 
made m onl\ one person 

In the case of animals, to produce the immobility and fixed gaze necessary’ for 
visual studicsmththe galvanic skin response, we make use of a drug, bulbocapnme, 
which produces a catclcptic state m animals, sometimes referred to as experimental 
catatonia Although immobilized, the animals (monkey , cat, and rat in our experi- 
ments) gi\e acme galvanic skin resistance responses to sensory stimuli of all 
types 

Dr Bordley The work that Mr Wagner has presented tonight and spoken 
so bnefly of is not onlj of great mterest but is the result of a lot of hard labor 
Anj one a ho has aorl ed with Dr Richter’s skm resistance apparatus can appreci- 
ate the difficulties in obtainmg the excellent results hir Wagner has shown us 
My remark about Dr Richter’s skin resistance technique docs not mean that we 
have not found it of the greatest service in the work that Dr Hardy and I have 
been doing m audiomcto' We thmk this method offers a quick and accurate deter- 
mination for certain hcanng problems, but tlic control of children is a very time 
consuming and difficult job The work that Mr Wagner spoke of that has been 
done with bulbocapnme is of particular mterest to people workmg with condi- 
tioning of children or animals, and I believe when this approach has been further 
explored, we may find that he has made a real contnbution in the dev elopment of a 
new technique to be employ edmstudving conditioned reflexes I think Mr Wagner 
should be congratulated 

Dr nar~^ The next paper on the program is "Biochemical and Morphological 
Diffcrcntiatio’i in the Dcvclopmg Cerebral Cortex’’ by Mr Elston L Belknap, 
Jr Discussion by Dr Louis B Flexner 

BtocJ cr- ul ord Mcrpl clogiccl Dfffercf I alien tn the Dir'Joping Cerebral Cortex 
Elsto L BEI.I:^Ar, Jr (Department of Embry ology , Carnegie Institution 
of Washington Henrv Strong Dennison Scho’ar m Embryology, 1948-^9) 
(Introduced by Dr Louis B Flexner) 

Ev dc^cc presented he-ein shows that there is a cntical penod in the cy to'ogical, 
b ochem cal, ard po" blv functional differcritialion oi tlie cerebral cortex of the 
fetal gun'-' p c Th s period is between the -list ard -fSth days, o' t—o-tliirds of 
the r-av ihrojgh pcstat'on Slnl ing charges have been fojrd b the group at 
the Dcpartr'cnt c'’ Emb'vo’ogv of the Carnegie Institution During this penod 
Xu^il SJb'tanccs'wCCcnh appea's Thcnudcu5rcachesitsfiralvo’ur’'cat abojttrc 
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same time Cell processes suddenly start to sprout in great numbers, and there is a 
change in their refractive mdex to that characteristic of the adult During this 
same tune interval there is a striking rise in apyrase activity, an enz3Tne which 
releases stored energy Immediately followmg this penod, at the 45th day, spon- 
taneous potentials can be recorded from the cortex for the first tune, with the 
reservation that it is not proved at present that these potentials arise in the cortex 

My part in the program consisted in the study of certam respiratory enzymes 
Just after the four day penod of morphological differentiation succmic dehydro- 
genase activity rises abruptly to reach the adult level Another respiratory enzyme, 
cytochrome oxidase, does not increase m activity until about term 

This critical period m differentiation is not pecuhar to the guinea pig cerebral 
cortex It has been found m the cortex of the fetal pig by the Carnegie mvestigators 
and m the newborn rat brain by other investigators 

It IS important to remember that these changes m structure and chemistry 
can not yet be correlated as to cause and effect At present one can only speculate 
as to the meanmg of the changes 

Dr Flexner The histochemical methods which Mr Belknap and others of us 
have been forced to use m these studies have certam limitations We are primarily 
mterested m changes m the neurons of the cerebral cortex We analyze, however, a 
sample of cortex contauung nerve cells, processes of nerve cells and gha Our 
mterpretations will be on firmer ground when we learn about the biochemistry of 
glia and then correct our chemical analyses on the cortex for its content of glia 

Dr Harvey The final paper on the program this evening is “The Histochemical 
Localization of Cholinesterase Activity” by Mr George B Koelle and Dr Jonas 
S Friedenwald Discussion by Dr J G Lilienthal, Jr 

The Htstochemtcal Localization of Cholinesterase Activity'^ George B Koelle and 
Jonas S Frieden^vald, Wilmer Institute, Johns Hopkins University and 
Hospital 

The localizafaon of cholinesterase (ChE) m various tissues has been studied 
previously by mdirect means (1, 2) Gomori (3) has published a histochemical 
technique for this purpose, but his data suggest that the method localizes non- 
specific t)pes of ChE and not the physiologically important specific ChE In the 
present method the substrate employed is acetyl-thiocholine (AThCh)(4), which 
is hydrolyzed at a greater velocity than acetylcholme by both types of enzyme 
Frozen tissue sections or teased preparations are incubated for various periods in 
a solution containmg AThCh and copper glycmate, which is buffered to pH 8 06 
and saturated with copper thiocholine As the substrate is hydrolyzed to thiocholme 
by the enzyme present, copper thiocholme is precipitated, which is converte to 

^ This work was supported by the National Institute of Health, John and Maiy 
Markle Foundation, and Chalfant Fund 
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copper tulfidc b\ 'ub'cqucnt trcitmc it %' ith ammonium 'tilfidc The amorphooi 
diri bro 'n depo its of copper <ulfidc thu"; ind calc the sites of cn-\Tmt!C ncliMfv 
In control preparations prcaioash treated with di u'op’-opal fluo-opho plntc the 
chanctcnstic 'taming docs not appear 

In the interco'tal mu'cles of the rat, ChE has been found to be corccntntcd 
mo't hcaMh in Uic regions of the moto' endphtes, ns wns suggesteri b\ earlier 
studies (1, 5) The ChE m the nicdulh oblongata ol the nt is located vithin the 
neuron' and the glial eel!', "here the cell nuclei arc most hcnnilj 'tamed Other 
'itcs of ChE activiU noted include the ganglion and satellite cells of the 'vniipn- 
thclic ganglia (cat), ganglion celt' of the ileal mnenttne plexus (rat) 'nd adrenal 
medulla (cat), and tliu chromafiin cells of the latter ti'suc In the retina of the al- 
bino rabbit, ChE actuita appears to be confined largclt to the laxcr of bipolar 
cells 
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Dr J G L Itet l! nI, Jr This is an cxcccdingh important fundamental contri- 
bution tothcficld Thcclcganttcclmiqucprovidcs atoolforwidcapplicaUon toman} 
P’-oblcm' hitherto not susceptible to direct anah-sis 

It is "orlh"hilc recalling that the current, useful scliema describing the inter- 
action 0 ^ acctelcliohnc and cholinesterase mechanisms, :i iilu, is basexl almost 
catirch on indirect ceidcnce The bas.s for the plausible concept that cholinesterase 
L' locah'cd in rchlieclv high concentration at junctional sites is not the result of 
direct p'oef, "ith the 'ingle exception o' the clcctnc organ of the electric eel 
The ) o4 presented hc'c prosndcs 'trong, direct support for current hspothcscs 
\nd "hen the method has been dc\cIo;)cd furtlicr to distinguish betveen \anous 
l\T>C' of chohresterase, it "ill p'os.dc? supe-b tool fo'dircci anal. sis 

Tic p'cscnt Lad of complete 'pccfiate 's the p'-obab'e explan'>t na of tnc 
fmd o' ajiparcnth " (’csp'e'’d dLtnbjUon o» tlic e-itcasc n 'uppo'tirg lis'uc 
rhc's ' af’otl'-' aspect o' it- s "orl h<d i' mo t ercouragmg loe-c’’oDr 
Ilex t" co'—^t-t', I loJd Iile to 'trer? the d fTcull-e. -’ttc-dingan “dicn o'! 
d ‘ ec-'o- “ c' ts^ ..t'. n tt-c I'o’at.on o* a sa-tem d.. o' lo^I S'd m a coa-- 
p'''x cr^'.-La-ar-’-tgatic-’ Thi' tech" Que of D'- Kodk ""d Er'iltn aid ffo d's 
the me-'"' to c -Tu- ac*-! 'oc""! dT cult c; n.oHcd j i p'ce--^. locaL ->1 o" 

I ‘t . 1 , t Jo cr-gmiulatc \oj ca I" - ’"•po'’ta"t con'n'j„t c ' 
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Currerit Therapy, 1949 Edited by Howaed F Conn 1949, 672 pp $10 00 IF F 
Saunders Co , Phtladelphta 

This book gives in concise outline form the therapy of medical diseases written 
by selected experts m their fields It fulfills a need of the practitioner who can 
quickly obtam a guide to therapy, when therapy has made such rapid changes m 
the last decade This type of book assumes that the physician has a good deal of 
judgment and experience and can apply the therapy with proper regard for the 
change m symptomatology, physical signs and diagnoshc tests m each case Each 
bnef outline of therapy is the distilled and crystallized experience of the expert 
from observation of many patients In applymg the therapy, due consideration 
of the mdividual case variations is assumed For this reason, this book is very 
valuable to the practicmg physician with clinical expenence and would not be a 
good text for the teaching of therapy to medical students or mexperienced staff, 
who need emphasis on the development of skill in observing the patient and de- 
velopment of judgment in each case based on a knowledge of fundamental physio- 
logic and pharmacologic prmciples 

It IS highly commendable that on many subjects, more than one (and sometimes 
conflicting) opinion is given, thus indicating that no outline of therapy is a ngid 
gospel, but IS a very helpful organization of facts 
The book accomplishes its purpose excellently 

E V N 

Handbook of Diseases of the Skin Richaed L Sotton and Richard L Sutton, 
Jr St Louts, The C V Mosby Co , 1949 749 pp $12 SO 
Here is an entirely new book by the Suttons, father and son, brmgmg to the 
number of four their texts on Dermatology 

Larger than their Synopsis, it is smaller than “Introduction to Dermatology,” 
which m turn is much smaller than “Diseases of the Skm,” the last edition of which 
appeared ten years ago 

The book contains 749 pages It is well mdexed and illustrated and contams a 
moderately complete up-to-date bibliography The reader finds with ease what he 
IS seeking 

The mtroductory chapters on the anatomy and physiology of the skm are well 
written, contam much that is new and mterestmg 

Departmg from common dermatological procedure, an attempt has been made 
to present the subject matter from the etiological standpomt as far as possible, 

176 



BOOK REVIEWS 


177 


and m some instances, I thmk, farther than is possible at the present tune Although 
m general the purpose and intent is excellent in this respect, the presented concept 
of that enormous group of eruptions commonly called, “dermatitis,” or, “eczema,” 
IS unjustifiedly oversimplified, m a way that will assuredly lead astray the mexperi- 
enced and unwary student, who meets m other parts of the book such terms as, 
“eczematized dermatitis,” “cocac dermatitis,” etc I still beheve it is sunpler to 
stick to the term, “eczema”, when the cause is unknown, and, “dermatitis”, 
when it (is) known, for that syndrome with which all expenenced clmicians are 
famihar 

In this connection, the prmciples of allergy and sensitivity are more profoimdly 
and fuUy dealt with than m any other text on Dermatology Particularly stimulat- 
mg IS the mclusion of a paragraph on cutaneous autosensitization, even although 
the fundamental work of Burky with rabbit lens protem (Keratm), and rabbit 
muscle was not menboned 

The mtemal medical viewpomt toward Dermatology is emphasized throughout 
m this book tymg m Dermatology with General Medicme in a most commendable 
manner, not so evident m previous texts This is true of the section on syphilis 
where the subject is covered so fuUy, that much of it is written m fine prmt, very 
tiymg on the eyes This section is very definitely wntten for the specialist, requir- 
mg a rather thorough background knowledge of the disease for its proper evalua- 
tion and understandmg 

Complete and concise coverage is given to the acute infectious diseases, with a 
wealth of new information on both the common and rare ones, domestic and 
tropical, caused by viruses, nckettsias, bacteria, and fungi 

The great value of modem treatment with anti-sera, sulfonamides, and anti- 
biotics m the infectious diseases is brought out, unfortunately sometimes m an 
obscure fashion, due to the mclusion of older approaches m the discussions of 
treatment The relative specificity of sulfapyndme m the treatment of dermatitis 
herpetiformis might have been stressed, smce it is well known 

The treatment of Acne Vulgaris deserves special comment The Suttons argue 
that the cause of Acne Vulgaris rests m part on the premise that overabundantly 
mgested fat finds its way outside the body by way of the hair follicles, thus causing 
them to become packed with sebum, which m turn leads to the picture we know as 
Acne, and that therefore this disease can be cured by lowermg the fat mtake and 
admmistermg thyroid extract to lower hpemia 

H H H 

Emdu Medicine By Henry R Zhiiier, Ph D Baltimore, The Johns Eophins 
Press, 1948 201 pp $4 00 

In November 1940, Henry Zunmer, distmgmshed student of Indian history and 
culture, dehvered the seventh course of the Hideyo Noguchi Lectureship at the 
Johns Hopkms Institute of the History of Medicme His subject was Eindu 
Medicine Zimmer died before he finished revismg his manuscript for pubhcation, 
and this volume mdudes only the first two lectures Zimmer descnbed the pnmi- 
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tive medical lore of India, and the rationale of Hindu medicme The education of 
the physician is depicted along with the difiSculties encountered in the study of 
the basic source of anatomy Each Hindu physician was mstructed to ask himself 
four questions First, are the complaints of the patient based on some real suffenng 
or IS he only seemmgly ill? If he is ill, with what kmd of suffering is the patient 
afflicted, and what is its origin? The third question is can the disease be cured or not? 
If it can, what kmd of treatment is indicated for this particular ailment? 

The lectures are introduced by a short biography of Zimmer by Ludwig Edel- 
stem 

0 D R 

Medical Writing Second edition By Morms Fishbeik Ulus 292 pp $400 
The Blahston Company, Philadelphia, Pennsylvania, 1948 

The usefulness of a guide to good medical writmg need scarcely be argued 
This book which represents the theory and practice associated with the conduct 
of the editorial department of the American Medical Association is one of the best 
on the subject Its scope is indicated by some of the chapter headmgs “An Accep- 
table Paper Style Construction of the Manuscript Words and Phrases Spellmg 
Bibliographic Material Preparation of the Manuscript Illustrations Tables and 
Charts Revision Proofreading ” 

Any medical author who wishes to improve both the scientific value and the 
literary quality of his work will find this book most helpful 

E M H 

Parathyroid Glands and Metabolic Bone Disease By Fhuer Aebeight and Edward 
C Reirenstein, Jr 393 pp The Williams & Wilkins Company, Baltimore, 
1948 

The book is exactly what it purports to be, a compendium of the extensive ex- 
perience and researches of the authors on diseases of bone, both with and without 
metabolic disease There are many excellent x-ray reproductions, and the authors 
have used charts and diagrams liberally to portray the metabolic data Theories 
and postulates, which are admittedly “as of today and subject to change” if and 
when data to the contrary may be elicited, are highly provocative The book is 
written m a light, readable style and contams a wealth of mformation which should 
be highly useful to mtemist and orthopedist alike The manuscript is excellently 
proof read, and documented with a wide bibliography 

J E H 

Postlraumahc Epilepsy By A Earl Walker 90pages$2 75 Illustrations Charles 
C Thomas, Springfield, Illinois, 1948 

This small monograph is one of a series of American Lectures m Surgery given 
by authorities m different fields The subject is one with which the author has had 
considerable clinical expenence m this country, and to which he has contributed 
experunentall) 
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WTiereas the monograph is based largely on his personal findmgs and experience, 
he has drawn wisely from the hterature on the subject Espeaally noteworthj 
is his ngid limitation of what constitutes “posttraumatic ephepsy ” He has pomted 
out Its relative ranty m the absence of gross evidence of previous severe, open, 
head mjury For many reasons, this long-known observation is constantlj neglected 
by physicians and unrecognized b> the laity In such event, delayed recogmtion 
of non-traumatic lesions on the one hand, or unnecessary mvestigations on the 
other, may result By the same token, he has wisely mdicated the comparatii e 
infrequency with which surgical mtervention should be undertaken m these cases 
Good mechcal management is the basis of treatment The results, m his and other 
hands, of augmentmg such care m refractory cases by focal extirpation, are stated 
clearly 

Brevity has perhaps caused a se emin gly restricted treatment of certam aspects 
of the subject For the general physiaan, a more detafled descnption of the \aned 
features of explosive attacks, and a consideration of chagnostic difficulties, would 
have added to the value of the book Similarlj’’, and exemplified stnkmgly by the 
author’s own material, one imght have expected a more complete consideration of 
the emotional features assoaated with this entity and with severe head mjunes m 
general These practical pomts, however, are nunor cnticisms of a dear and well- 
considered presentation of the current status of the “dischargmg focus ” 

J W M 

The Uses oj PetiialUn and Slreptomyan By Chester Scott Keeker, MJD 
Umverstly of Kansas Press, Lawrence, Kansas, 1949 72 pp $2 00 
This concise little book covers m a simple straightforward way the dimcal 
uses of these two most common antibiotics The book consists of three lectures 
which Dr Keefer gave at the Umversity of Kansas The lectures have been ap- 
parently geared for the busy general practitioner who needs a ready gmde to the 
mdications for, methods of administration, and dosage of these two drugs As 
such It IS m most places very satisfactoij' It does not go beyond the didactic and 
concise presentation which can be found m an> of the drug house bulletins 

The third chapter is a qmck histoncal sketch of the attempts at developmg 
antibiotics which followed Pasteur’s observation of the competition between 
bacteria, both m the test tube and m the animal bod> This, too, is dear and m 
several places informative 

The book then is a satisfactory one, but not an essential one 

F B B 

Texliook for Almoners By Dorothy Manceee, Si Mary’s Hospital, London 
The Williams & Wilkins Company, Baltimore 452 pages $7 SO 
This book presents a bnef history of hospital soaal work m England and a com- 
prehensive picture of Its commum^ resources as of 1947 One gets a sense of the 
Almoner’s contmmng struggle to be reheved of routme duties so that she might be 
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able to offer more clearly defined services as a medico-social worker Instead, a 
large portion of her time is spent with fee settmg, follow-up, and numerous other 
time-consummg duties It is not suipnsmg that such a book, with its emphasis on 
the details of routme procedures, would have little remammg space for discussion 
of social work skills in a medical settmg 

This, perhaps, would be a useful handbook for beginnmg Almoners, but would 
be of httle value to Medical Social Workers m this country 

V M 
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Patients ivith asates frequently present problems in diagnosis It is 
often difficult to determine whether the ascites is a manifestation of 
tuberculosis of the peritoneum, carcinomatosis of the peritoneum, par- 
tial or complete obstruction of the portal vein or other conditions ac- 
compamed by the presence of fluid m the peritoneal ca4nty Evidence 
obtained from histoiyq physical examination and laboratorj’^ investiga- 
tions may not yield sufficient information upon which a defimte 
diagnosis may be based 

The presence of collateral venous circulation in the abdoimnal wall 
of patients with ascites may at times be helpful m establishing the 
diagnosis of obstruction of the portal vein But it is surpnsing how 
often malnourished mdmduals with abdominal distension and free 
fluid in the pentoneal cavity display a prominently visible netw ork of 
veins of varjing size over the wall of the abdomen These prominent 
veins or venules may add to the confusion regarding a diagnosis 

In the presence of portal venous obstruction, the collateral arcula- 
tion carries a part or all of the blood ordinanly consigned to the portal 
vein The collateral veins may, therefore, be expected to transport the 
products of intestinal absorption circuitously around the obstruction 

* This ork as supported in part bj a research grant from the John B Hon e 
hledical Research Fund It is published with permission of the Chief Medical 
Director, Veterans Administration, Department of Medicine and Surgerj, nho 
assumes no responsibilit} for the opinions expressed or the conclusions drawn bi^ 
the authors 

T Formerh Senior Resident in Aledicme, Thaver Veterans Administration Hos- 
pital, Nashville, Tennessee 

Presented before the Scxti -First !Meetmg of the Amencan Clinical and Climato- 
logical Association, Hot Springs, ^hrginia, November 8, 1948 
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It was the purpose of this investigation to determine whether the 
products of intestinal absorption could be demonstrated in the col- 
lateral veins of the abdominal wall in patients with portal vein obstruc- 
tion, and if so whether such a procedure might not assist in the differ- 
ential diagnosis of the etiology of ascites 
To this end the oral glucose tolerance test was employed Blood 
was drawn at regular intervals after the ingestion of glucose, simulta- 
neously from the antecubital vein and from a vein m the abdominal 
wall, and the blood sugar content measured 

Sixteen patients with ascites were studied One additional patient 
without ascites was studied in whom obstruction of the inferior vena 
cava and of the portal vein was suspected and later proven to be pres- 
ent at operation Two patients with no ascites and in whom there was 
no reason to beheve portal vein obstruction was present were also 
studied for the purpose of obtaining normal curves Each patient was 
given 100 grams of glucose by mouth while in the fasting state The 
abdominal veins were often so small that a tuberculin syringe ivith a 
24 to 26 gauge needle was used A small amount of blood was with- 
drawn and transferred to an indented paraffin block One-tenth of a 
cubic centimeter of this blood was carefully drawn into a micro-pipette 
for sugar content determination using the micro-Folm-Wu technique 
Blood was not drawn exactly at the same moment from the abdominal 
vein and the antecubital vein It was drawn each time first from the 
abdominal vein and thereafter as soon as possible (one to three min- 
utes) from the antecubital vein 

MATERIAL 

The nineteen patients studied are listed in Table I with diagnoses 
and results of the simultaneous glucose tolerance tests Patient ^ 1 was 
a normal subject Patient 2 had an obstruction of the superior vena 
cava with resultant development of large veins over the upper abdomi- 
nal wall There was no evidence of liver disease, portal vein obstruc- 
tion, or ascitic fluid Figure 1 demonstrates graphically the normal 
simultaneous glucose tolerance curves obtained m the study of patient 
§2 

Patient ^ J A 40 year old white male was admitted to the Thayer Veterans 
Administration Hospital in September 1946 He gave a history of anorexia, loss of 
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TABLE 1 — Conhmied 

I GLUCOSE TOLERANCE TESTS 


Milligrams sugar per cent m blood from 


PA 

TIENT 

DIAGNOSIS 

Arm vein 

Abdominal wall vein 



Hours 

Hours 





1 

IH 

2 

2H 

3 

8 


1 


2 

2H 

3 

14 

Tuberculous peritonitis 
(exploratory laparotomy) 

91 


1 



126 


84 


1 


1 

138 


IS 

Carcmoma of ovary with 

91 

170 

206i 

217 

222 

206 


93 

172 

187 

200 

198 

ml 



pentoneal metastases 
(exploratory laparotomy) 



■ 








! 




16 

Rheumatic heart disease, 

98 

127 

|H 


125 


iTni 

90 

114 


149 

132 


123 


chrome general failure 
of circulation 


1 

■ 












17 

Chrome congestive heart 

85 

iW« 



132 


112 

96 

119 

148 


133 


115 


failure 



nn 












18 

Cirrhosis of hver, portal 

93 

174 


167 

145 



102 

143 ! 

182 

174 

163 




obstructive type 



Hjjf 












19 

Carcinoma obstructing 

88 

117 

149 

130 

'114 

92 

70 

82 

138 

'166 

ISO 

126 

102 

79 


infenor vena cava 
and extrahepatic portal 








1 

1 

1 

1 

■ 

1 



vein 








■ 

■ 

■ 

■ 

1 

1 



weight, mild watery diarrhea and indigestion accompanied by gradually increasing 
abdominal distension over a two months’ period He denied excessive consumption 
of alcohol Physical examination revealed wasting, slight jaundice, ascites, palpable 
hver, and prominent superficial abdommal veins There was no evidence of cardio- 
vascular disease Laboratory investigations revealed diminution of liver function 
with decreased total serum protein and an icterus index of 18 An exploratory 
laparotomy was performed and a specimen of the liver obtained On microscopic 
examination there was irregular fibrosis of the parenchyma associated ivith in- 
tense engorgement of the veins A diagnosis of central or congestive type of cir- 
rhosis was made It was believed that obstruction of the hepatic vein, cause un- 
determined, was present, with resultant increased pressure in the portal vein In 
July 1947 the glucose tolerance tests were performed Sugar values were consist- 
ently higher m the specimens of blood obtained from the abdominal veins than 
in those from the antecubital vein, Figure 2 These data were interpreted as in- 
dicating the presence of definitely increased pressure in the portal vein 

Palienl jSf 4 A 48 year old white male was admitted to the Thayer Veterans 
Administration Hospital m July 1947 with a history of anorexia for six weeks, 
vomiting, and the onset of abdommal distenstion one week prior to admission He 
had consumed large amounts of alcohol for two years prior to admission and had 
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liver provided evidence of biliary cirrhosis In October 1947 an exploratory lapa- 
rotomy was performed and carcinoma of the biliary tract was demonstrated In 
November 1947 an unsuccessful attempt was made to relieve the biliary obstruc- 
tion At this time the entire hilus of the liver was found to be involved in a car- 
cinomatous mass Autopsy exammation m the latter part of March 1948 revealed 
complete occlusion of the portal vein by widespread adenocarcinomatosis Figure 4 

PATIENT #3 
CIRRHOSIS OF LIVER 
CONGESTIVE TYPE 



demonstrates graphically two pairs of simultaneous glucose tolerance curves, one 
made before and the other after the development of portal obstruction At the 
time of the laparotomy on October 3, 1947, there was no demonstrable evidence 
of portal obstruction During the five months’ period between the two tests, there 
had been no change m the clinical picture to indicate that portal obstruction had 
developed This information, therefore, was obtained prior to the patient’s death 
only by the use of the simultaneous glucose tolerance tests 
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Pattcnl jft 6 A 53 jear old white coal miner was admitted to Thajer Veterans 
Administration Hospital December 7, 1947 with a histoo of mtemuttent pam m 
the right upper quadrant of the abdomen for six j ears and abdommal distension 
for two months He had consumed large amounts of alcohol for manv j ears and 
had always eaten poorli' His abdomen was distended, there were a few distended 
superfiaal abdommal veins and the area of hver dullness was mcreased There was 
asates Laboratory mvestigations revealed evidence of hver damage Total serum 

PATIENT a 4 

PORTAU cirrhosis of tIVER 


7/21/47 IO/S/47 



protem was 5 6 grams with 2 9 grams of albumm Simultaneous glucose tolerance 
tests ga-ve blood sugar values shown m Table I which are mterpreted as mdicative 
of portal v'em obstruction 

Paiienl 7 A 28 vear old colored laborer was admitted to Nashville Citv 
Hospital with a history of progressive abdommal distension, shortness of breath 
and swelhng of the ankles At autopsv he was found to have constnctive pen- 
carditis w hich chieflv inv oh ed the entrance of the mfenor v ena cav a into the nght 
auricle There were large superficial abdommal \ eins The hv er was large and there 
was marked congestive fibrosis The simultaneous glucose tolerance tests revealed 
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evidence of increased pressure m the portal veins, Figure 5 This observation m a 
patient inth constrictive pericarditis vith, in effect, partial obstruction of the in- 
ferior cava above the liver, is of special interest because of the fact that the simul- 
taneous glucose tolerance curves of two patients, 16 and 17, with ascites asso- 
ciated wnth chronic congestive heart failure did not give evidence of increased 
pressure in the portal vein above that of the systemic v eins Moreover, this is m 


PATIENT tt 5 

CARCINOMA BILIARY TRACT CARCINOMA BILIARY TRACT 

OBSTRUCTION PORTAL VEIN 



contrast to the normal values obtained in the study of Patient Id 2 whose superior 
vena cava alone was obstructed 

Patienl § 8 This 52 year old white carpenter gave a historv of recent indigestion 
and abdommal distension in association wuth chronic long-standing alcoholism 
Physical examination and laboratory investigations indicated the presence of cir- 
rhosis of the liver The simultaneous glucose tolerance tests gave corroborative 
evidence of some portal vein obstruction, Table I 

Paheiit j(? P A 57 year old grocery clerk was admitted to Thaaer Veterans 
Administration Hospital March 2, 1948 complaining of indigestion and abdominal 
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distention He had consumed large amounts of alcohol and had a poor appetite for 
many > ears There was ascites, some distension of superficial abdominal \cins and 
a palpable In er which seemed to be nodular Laboratory in\ estigations re\ ealed 
evidence of liver damage Total serum protem was 6 1 grams per cent with 2 9 
grams of albumin The simultaneous glucose tolerance curves m Figure 6 gave 
suggestive but not conclusive evidence of some portal vein obstruction 

PATIENT It 7 

constrictive pericarditis 



Paha I 10 A 36 V ear old white housewue was admitted to \ anderbilt Uni- 
versitv Hospital February 2, 1948 complainmg of mtermittent abdommal dis- 
tension and mdigestion for seven months She denied excessive consumption of 
alcohol She had been treated for svphilis thirteen vears ago over an eighteen 
month penod Phvsical esammation revealed evndence of weight loss, several 
spider angiomata, abommal distension, ascites, and although the hver was not 
palpable the area of liv er dullness was enlarged to percussion The T1 assermann 
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test was positive Laboratory investigations revealed evidence of diminished liver 
function Total serum protein was 5 9 grams per cent with 2 02 grams of albumin 
Simultaneous glucose tolerance test gave blood sugar values, shown in Table I 
which were not conclusive Although this patient almost certainly had Laennec’s 
cirrhosis of the liver, portal hypertension may not have been present If collateral 


PATIENT it 9 

PORTAL CIRRHOSIS OF LIVER 



circulation was present it was not demonstrable in the veins of the anterior ab- 
dominal wall 

Patient §11 A 43 year old housewife was admitted to Vanderbilt Universiti' 
Hospital complaining of progressive abdominal distension over a four months’ 
period Physical examination revealed ascites and deviation of the cervis to the 
left There was a hard nodule palpable in the cul de sac on rectal examination 
Exploratory laparotomy was performed and widespread adenocarcinomatosis 
originating in the right ovary with metastases throughout the peritoneal cavity 
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dcmonstntcd Simultaneous glucose tolerance tests earned out prior to op 
oration iielded data vhich indicated that there was no po'tal \cn obiiruction, 
Table 1 Tins was conhrmed at operation 

Falta t ^12 A 47 %car old farmer aas admitted to \anderbilt Unuersiti 
Ho'pital on October IS, 1947 coraplaming of upper abdominal pain, shortness of 
brcitli, diarrhea and abdominal si clling He had had indigestion and abdominal 


PATIENT # 12 

INTESTINAL LIPODYSTROPHY 



TIME IN HOURS 
Fig 7 


cramps for four and a half j ears and for two months had noted gmdual mcrease 
in the size of his abdomen He had abstamed from alcohol for eight i ears, although 
pnortothattimehehadbeenamoderateh hea\i dnnher HehadlostfcTi pwunds 
dunng the present illness On phi'sical exammabon there was endence of weignt 
lo;s, cachexia, scattered pietechiae o\ er the skin of the legs, abdommal distenron 
with asates, enlarged liier and spleen There was no cndence of collateml cir- 
culation Laboraton in\ estigations repealed \erj little evidence Oi h\er oisease 
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Total scrum protein was 4 63 grams per cent with 2 6 grams of albumin In spite 
of tlie lack of confirmatory laboratory data, it was the opinion of those who ex- 
ammed him that this patient had cirrhosis of the liver with portal vein obstruc- 
tion Simultaneous glucose tolerance tests failed to produce ev’idencc of portal 
vein obstruction, Figure 7 Following paracentesis a mass thought to be retro- 
peritoneal w as felt to tlie left of the midline in tlie upper abdomen An exploratory 
laparotomy was performed on November 24, 1947 The typical picture of intestinal 
lipodystrophj was observ'cd and was confirmed on microscopic examination of a 
mesenteric lymph node There was no evidence of portal vein obstniction 

Paticul ^ 13 This patient was a 60year old housewife who was closely followed 
at Vanderbilt University Hospital from May through October 1947 She was ad- 
mitted three times for investigation and finally an exploratory laparotomy was 
performed October 2, 1947 She died ten daj's later because of a cerebrovascular 
accident Her course was characterized by the development of indigestion, anorexia, 
and progressive abdominal distension and weight loss over a period of six months 
prior to admission to the hospital She was eacheetic, and there was abdominal 
distension and ascites Laboraton investigations revealed evidence of liver dis- 
ease Paracenteses consistently yielded a turbid pseudochylous fluid Serologic tests 
for syphilis were positive At operation, numerous enlarged tuberculous mesenteric 
lymph nodes were observed The Ivmphatic vessels drainmg the intestines were 
obstructed and engorged Moreover, there was nodular portal cirrhosis of the liver 
Prior to operation simultaneous glucose tolerance tests, yielded blood sugar values 
which arc shown in Table I Tiie results were not conclusive At opeiation two 
factors, tuberculous peritonitis and cirrhosis, one or the other or botli of which 
could have been responsible for tlic ascites, were found 

Patient it 14 This 41 j ear old housewife was admitted to Vanderbilt University 
Hospital in September 1947 complaining of progressive abdominal distension, 
weakness and loss of w'eight She denied tlie use of alcohol the faniilv history was 
noteworthy in that sev^eral close rclativ'es had died of tuberculosis Physical ex- 
amination revealed evidence of weight loss, abdominal distension, the presence of 
ascites and hepatomegaly The superficial abdominal veins were prominent Al- 
though laboratory investigations revealed no evidence of liver d>sfunction, the 
presence of an enlarged liver, ascites and prominent abdominal v'eins seemed to 
point to a diagnosis of Laennec’s cirrhosis of the liver Some observers were of the 
opinion that the patient had tuberculous peritonitis Acid fast bacilli were not 
demonstrated in the ascitic fluid, the specific gravitv of which was border line 
between that of a transudate and an exudate Simultaneous glucose tolerance 
tests, Table I, showed no evidence of portal vein obstruction Exploratory lapar 
otomy revealed extensive tuberculous peritonitis There was no obstruction of the 
portal vein 

Patient 15 This 40 j ear old housewife was admitted to Vanderbilt University 
Hospital first in Mav 1947 complaining of abdominal distension, loss of weight and 
weakness for the preceding three jears The course of her illness was marked by 
Its chronicity and bv the remarkable disappearance and rtappcaiance of ascites 



DIAGNOSIS OF PORTAL VEIN OBSTRUCTION 


195 


Although tests of liver junction were for the most part within normal limits, a 
diagnosis of Laennec’s cirrhosis w as made She had alw ai s had poor dietar}^ habits 
She denied the use of alcohol, but had consumed large amounts of turpentine orally 
for contraceptii e purpo^ics Simultaneous glucose tolerance curves. Figure 8, re- 
vealed no ev idence of portal \ ein obstruction Finalh in October 1948, following 
a paracentesis, asvmmetrv of the abdomen was noted and on pelvic evamination 
a mass in the region of the left ovarv was felt Evtensive peritoneal metastases 


PATIENT « 15 

CARCINOMA Of OVARY WITH 
PERITONEAL METASTASES 



from an ovanan cystadenocarcinoma were demonstrated when an exploratory 
laparotomj was performed m November 1948 The portal and mesenteric veins 
were carefullj examined Thev were normal 

Patient $ 16 This 28 vear old white male was continuously confined to bed m 
Vanderbilt Universitv Hospital for almost a vear He had had acute rheumatic 
fever as a child with resultant mitral insufficiencv and stenosis There vvas marked 
chronic congestive heart failure, and persistent ascites, associated with massive 
peripheral edema Simultaneous glucose tolerance tests revealed no evadence of 
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portal vem obstruction as shown in Table I Examination at autopsy revealed a 
huge congested liver witli the typical changes associated with chronic passive con- 
gestion due to heart failure 

Palte?tt § 17 This 60 year old colored female had been followed for many years 
at Vanderbilt University Hospital She developed congestive heart failure on an 


PATIENT it 18 

PORTAL CIRRHOSIS OF LIVER 



arteriosclerotic basis with enlargement of the liver and ascites Simultaneous glu- 
cose tolerance tests, Table I, revealed no evidence of portal vein obstruction 
Patient § 18 A. 59 year old white male was first admitted to Vanderbilt Uni- 
versity Hospital with tremendous abdominal distension which had gradually be- 
come more and more apparent for six months prior to admission He had periodi- 
cally consumed large amounts of beer and whiskey and had had a veiy poor diet 
for many years He gradually became weaker, eventually lost his appetite alto 
gether and on admission was completely exhausted He was a rather thin man ex- 
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cept for his huge abdomen, the maximum circumference of which measured sis 
feet The abdommal nail was vei> tightly stretched bj the large amount of flmd 
present in the pentoneal cavity Laboratory investigations reyealed marked im- 
pairment of liver function Total serum protein nas 6 9 grams per cent with 3 42 
grams of albumm Although there nas conynncing evidence that this patient had 
Laennec’s cirrhosis of the liver with portal y'em obstruction, the simultaneous 
glucose tolerance curves were not sigmficantl> different one from the other. Figure 
9 It IS probable that the marked intra-abdominal pressure and distension of the 
abdommal wall nere such as to result in raising the pressure m the yems of the 
abdominal nail above that of the portal vein Under such crrcumstances collateral 
circulation could not be mamtamed through the abdommal y ems Unfortunatelv 
the vahdity of this explanation could not be tested bj repeatmg the exammation 
after the removal of a quantitj of ascitic fluid, thus lowenng the intra-abdommal 
pressure and abdominal n aU tension No vems were ynsible in the abdommal waU 
after paracentesis 

Patient j? 19 A 47 year old nhite farmer was admitted to Vanderbilt Umversitv 
Hospital on January 24, 1949 complammg of pain m the flanks, weakness and 
weight loss He nas thm, there nas marked dilatation of the veins of the abdommal 
wall, the liver nas enlarged and there nas a firm fixed mass palpable deep m the 
abdomen above the umbflicus There nas brawny mduration of the skm and sub- 
cutaneous tissues of the feet and ankles Venous pressure m the arm was surtv 
miUuneters of waters In the lesser saphenous vem of the leg the pressure was one 
hundred thirty five millimeters of water A tentative diagnosis of retropentoneal 
malignancy with obstruction of the inferior y'ena cava was made Simultaneous 
glucose tolerance tests n ere carried out Sugar levels m the blood obtamed from the 
vem of the abdommal n all n ere consistently higher than those m blood from the 
antecubital vem. Table I On this basis, extrahepatic obstruction of the portal 
vein n as suspected in addition to obstruction of the mferior y ena cav a At opera- 
tion, the mass nas discov ered to be composed of matted ly mph nodes and omentum 
through which the portal y ein and its tributaries passed The pressure m the portal 
vein above the lesion w as eighty m illim eters of water, below the mass m the supenor 
mesenteric vem, the pressure was two hundred eighty millimeters of water This 
seemed to be confirmatory data for the dimcal diagnosis of portal vem obstruc- 
tion The inferior vena cava was not visualized Microscopic exatmnahon of the 
biopsy matenal revealed metastatic carcinoma of undetermined origm No site of 
origin was discovered before the patient was discharged from the hospital 

DISCUSSION 

Sherlock and Walshe (1) reported the results of studies of intestinal 
absorption of carbohydrate, fat and amino aads in a patient with cir- 
rhosis of the hver in whom an enlarged abdominal wall vem commum- 
cated with the portal venous system The patient did not have asates 
but the data obtained from chmcal history, physical examination. 
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laboratory investigations and a biopsy of the Iner conclusively sup- 
ported a diagnosis of Laennec’s cirrhosis These investigators were 
able to demonstrate higher blood sugar values in the abdominal wall 
than in the antecubital vein after administration of oral glucose They 
concluded from this data that the vein in the abdominal wall earned 
blood from the mesenteric veins 

We were able to dupheate some of the results of Sherlock and 
Walshe Moreover the procedure appears to offer a practical adjunct to 
other methods of diagnosing portal vein obstruction regardless of the 
etiology 

The procedure may occasionally be rather tedious and time consum- 
ing Abdominal veins, even in the presence of portal vein obstruction, 
are often small and multiple samples of blood maj be obtained from 
them only with difficulty 

Several factors may tend to make results imsleading or inconclusive 
Collateral circulation in the presence of portal vein obstruction may 
not develop through the veins of the abdominal wall When distension 
or ascites are present, the pressure in the superfiaal abdominal veins 
may actually be higher than in the port! vein itself Moreover, ad- 
mixture of systemic blood in the abdominal veins may be suffiaent to 
obscure the presence of a small increase in blood sugar levels Neverthe- 
less, our experience indicates tliat the procedure is often helpful and 
sometimes diagnostic 

Interpretation of the blood sugar curv es does not always lead to clear 
conclusions There are variations between fasting sugai levels in the 
blood of the same patient taken almost simultaneously from the ante- 
cubital and abdominal wall vein which can onl}? be accounted for by 
the difficulties frequently encountered in obtaining blood from small 
abdominal veins But if the sugar levels in the blood obtained from 
the abdominal xvall \eins are consistently highei than those in the 
blood from the antecubital vein throughout the test, the results may 
be significant For example, if the average elex aton of sugar level m 
blood from the abdominal wall vein is at least fourteen milligrams per 
cent higher than in blood from the antecubital vein for four deterrmna- 
tions made during the one to three hours after ingestion of glucose, the 
difference is statistically significant, and may be taken to indicate 
shunting of portal blood through the veins of the abdominal wall 
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(The average elevation based on two successive readings would have 
to be at least twenty milligrams per cent higher and the average ele- 
vation based on three successive readmgs would have to be at least 
SLvteen milligrams per cent higher to be statistically significant ) This 
was apparentl}" true in seven of the elev'en cases here reported in which 
a diagnosis of portal vein h5^ertension was compatible with clmical 
and anatomical findings (patients 4, 5, 6 , 7 8, 19) In patients f5?9, 
10, 13 and IS m whom portal cirrhosis was present, results were mcon- 
clusive Of the eight patients in whom portal hypertension was not 
compatible wnth clinical and anatomical findings (patients 1, 2, 11, 
12, 14, 15, 16 and 17 and in addition the first studies of patient ^5), 
there w as no statistically sigmficant elev ation of sugar levels in blood 
from the abdominal wall veins over levels m blood from the antecubital 
vein 


SUjrUARV 

Simultaneous measurements of blood sugar levels in the antecubital 
and superficial veins of the abdominal wall of SLvteen patients with 
ascites and one with portal vein and infenor vena caval obstruction 
without ascites, were made at interv als following the ingestion of glu- 
cose Two additional patients were used as controls In the presence 
of h3T3ertension ot the portal vein, higher levels of sugar were often 
demonstrated in blood from the veins of the abdominal wall than in 
blood from the antecubital vein Our evpenence indicates that this 
procedure is frequently helpful in determimng whether or not portal 
vein obstruction is present 

The vuthors ■nish to acknowledge the assistance rendered bv Doctor Margaret P 
hlartin in statistical!! interpreting the blood sugar curv es 
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The purpose of this commumcation is to report brief observations 
of the manner in which cutaneous carcinomas undergo involution 
following the topical action of podophyUin 

Podophylhn produces arrest of mitosis, distortion of nuclear pattern 
and a chain of cytotoxic effects (1) (2) (3) in the epithelium of normal 
skin as well as in the epithelial cells of any benign or malignant skin 
tumors with which it comes into contact for 8 hours or longer (1) (4) (5) 
There is abundant chnical (6) (1) and microscopic evidence (1) (2) (9) 
that the drug’s cytotoxic effects are more selective for certam types of 
epithelial cells, particularly those of moist, young, non-keratinized 
condylomata acuminata which are rapidly destroyed by a single 
application By contrast the action on surrounding normal skin, unless 
excessive and unduly prolonged, is reversible (1) (2) (4) as macroscopic 
and microscopic integrity of the skin is established soon after removal 
of the resin Selective damaging effects on mouse tumors (7) and on 
mouse tumor cells in tissue culture (8) result from exposure to the drug 
PodophyUin and podophyUotoxin are more toxic for recently weaned 
mice than for adult mice (5) , the toxin is extremely toxic for chick 
embryoes (5) Dry keratinized verrucae vulgares and chronic, or old, 
partiaUy keratinized condylomata acuminata are resistant to the rapid 
tumor necrotizing action The aforementioned facts indicate that the 
cellular destructive action is more selective for young, embryonic and 
tumor ceUs than for adult ceUs and that the changes produced in adult 
ceUs are reversible within certain limits 

* Work done whoUy under a Grant-in-Aid from the American Cancer Society 
upon recommendation of the Committee on Growth of the National Research 
Council 
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The cancericidal potentialities were first pointed out when the 
similarity of colchicine and podophyllin effects was discovered (9) 
As a prelude to the chnical use of podophylhn for cutaneous carcmoma, 
studies m this laboratory (5) have accumulated suffiaent data during 
the past 2 years to show that the topical apphcation of podophyllm 
for prolonged penods is safe, provided contact with the eyes is avoided 
The response of cutaneous carcmoma is slower than that exhibited 
by condyloma acuminatum and much more of the drug is required, 
but it appears from preliminary observations to be equally as impres- 
sive and as complete Thus far 15 patients havmg a total of 25 cuta- 
neous carcmomas have been treated Biopsies were secured from 
each patient pnor to treatment Follow-up of 5 lesions was not accom- 
phshed because serial sections were exased at vanous stages of mvolu- 
tion for microscopic analysis of treatment effects Of the 20 lesions 
which were destroyed by multiple applications and permitted to heal, 
all except one may be considered satisfactory results In this group 
there were 12 basal cell carcmomas measurmg 05cm,08cm,15cm, 
15cm,lx2cm,2cm,2cm,2x25cm,2x3cm, 2 x3cm, 
2 5 X 3 cm and 12 x 14 cm , 7 mtra-epidermal caranomas measuring 
2cm,2cm,3cm,4cm,4cm,4 x6cm and 8 x 14 cm , and 1 
prickle cell caranoma, 4 x 6 cm The 12 x 14 cm basal cell caranoma 
was the only failure m the group The resin was apphed topically as a 
25 percent suspension in mineral oil or a 20 percent solution in alcohol 
Numerous treatment schedules were tned, these varied from 2 apphca- 
tions in 7 days to 50 apphcations m 3 months To date a satisfactory aver- 
age schedule has not been determmed but probably approximately 
10 to 20 apphcations within 3 weeks will be adopted as a vorkmg 
schedule based on current trial and error results The penods of involu- 
tion of treated tumors varied considerably The most rapid 
disappearance was in 10 days, the slowest was 3 months It must 
be emphasized however, that vaiying experimental treatment schedules 
were being observed and that over treatment in more than half of 
the cases undoubtedly prolonged he alin g m some cases Includmg 
such variables the average heahng time was 49 days after the first 
apphcation A most impressive chmcal observation is the selective 
ulceration of tumor tissue, the borders of treated basal cell caranomas 
are chanelhzed by the drug and the dehneation of ulcerative moats 
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outlining previous tumor sites is clear cut in contrast to the super- 
ficial and reversible signs of injury to the surroundmg normal skin 
The treated area heals with a pliant, shghtly atrophic scar which 
resembles the cosmetically successful roentgen irradiation scar when 
it occurs without accompanying telangiectasia The foUow-up penods 
vary from one to eight months with an average of approximately sa 
months 

The results herein reported are encouraging, but it is obviously 
premature to express enthusiasm for the method until sufficient tune 
has elapsed to determine whether the results will be permanent 
Toxicologic, pharmacologic and pathologic studies are being conducted 
(5) in conjunction ivith clinical studies to ascertain the tolerance of 
the drug, the time factors and amount of drug necessary to destroy 
cutaneous cancer permanently without causing irreversible damage 
to circumjacent normal tissue and at the same tune avoiding hyper- 
sensitivity which IS frequently produced by the drug (1) (10) The 
selective topical efiects of podophyllm differ from the effects of other 
chemicals such as those utilized in the chemosurgical method of Mohs, 
which produces non-selective tissue destruction that is measured by 
microscopic examinations of the fixed and damaged tissues as they are 
removed The anticipated objections to the use of podophyllm are 
two features that may be xuewed by some as advantages, namely, 
simplicity and economy The lack of ax^ailable fixed tissue for micro- 
scopic examination during treatment may be an objection voiced 
by advocates of Mohs’ chemosurgical microscopically controlled 
method Therefore, it is not the intention of the author to recommend 
podophylhn as a treatment of carcinoma to supercede other well 
known methods such as surgery, roentgen therapy, electrodesiccation, 
cauterization or chemosurgery It is hoped that other investigators 
may explore this method, duphcating our approach (4) to the problem, 
which consists of excising treated tumors in various stages of involution 
and after healing to determine sequential microscopic signs of the 
tumor necrotizing effect and the permanency of the destruction De- 
tailed descriptions of our findings (4) will be published next year 
after we have accumulated sufficient clinical and microscopic data to 
justify proper evaluation of the method 
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Fletcher Hall of Los Angeles, California to the Archiv es of Dermatol- 
ogy and Syphilology The results of Smith and Hall (In Press) are 
essentially similar to those herein reported 
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The etiology of sarcoidosis has not been estabhshed although an 
imposing number of observers have proposed arguments in favor of 
the theory that it is a form of tuberculosis Several reviews in the past 
few years have discussed the pnncipal evidence for and against this 
theory (1-8) The most significant facts to date regarding the possible 
relationship of these diseases are the following 
There is a striking similarity in the pathological lesions of sarcoido- 
sis and tuberculosis The epithehoid-cell tubercle is the characteristic 
histological unit of each The lack of caseation in the lesions of sar- 
coidosis IS the pathological feature that distinguishes it most clearly 
from typical tuberculosis However, caseation does not invariably 
occur in the lesions of tuberculosis (9) so that its absence from the 
lesions of sarcoidosis is not an absolute differentiation Moreover, it 
has been reported that patients with sarcoidosis react to the inocula- 
tion of heat-killed (10) or avirulent (11) tubercle bacilli with the 
formation of noncaseous tubercles in contrast to normal individuals 
in whom caseation occurs Since caseation in tuberculous lesions is 
dependent in large part upon hypersensitivity of the tissues to tubercu- 
loprotein, its failure to occur m sarcoidosis might conceivably be 
related to the fact that the great majority of cases of sarcoidosis are 
not hypersensitive to tuberculin It has been reported, furthermore, 
that patients with sarcoidosis fail to develop hypersensitivity to tu- 
bercuhn following vaccination with avirulent tubercle bacdh (11, 12, 
13) as normal individuals do There are a number of other clinical and 
pathological features of sarcoidosis that are not typical of tuberculo- 

* Present address The Johns Hopkins Hospital, Baltimore, Md 
2 Aided by grants from the National Tuberculosis Association and the Cali- 
forma Tuberculosis and Health Association 
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SIS (1-9) but the most persuasive evidence against a tuberculous 
etiology IS the repeated failure of the great majonty of investigators 
to identify the tubercle bacillus m the lesions of the disease by stam- 
ing, culture and inoculation of tissue mto a vanety of animal speaes 
(1, 9, 14) Nevertheless an impressive proportion of fatal cases of 
sarcoidosis have proven to have typical tuberculosis at autopsy as 
well as tjrpical sarcoidal lesions (1, 2, 5, 6, 8) The coexistence of both 
diseases m the same patient has been invoked by some as evidence 
of their identity and by others as evidence of their distmct mdividual- 
ity Some more specific evidence is needed before the etiological rela- 
tionship of these diseases can be estabhshed 
Antibodies to M tuberculosis have been identified in the serum of 
tuberculous patients with considerable frequency (15, 16, 17, 18) 
Antibodies may also be demonstrated m the serum of mfected animals 
throughout the course of infection and often persist when demonstra- 
ble skm sensitivity to tuberculm has waned (19) If sarcoidosis were 
m fact due to the tubercle bacillus it might be anticipated that anti- 
bodies to the orgamsm would be found m these patients even m the 
absence of tubercuhn sensitivity The present study was undertaken 
in order to detenmne whether complement-fixmg antibodies to M 
tuberculosis occur m the serum of patients with sarcoidosis with suffi- 
cient frequency to indicate an etiological relationship of this agent to 
the disease 


CASE MATERIAL 

A senes of twenty-two cases of sarcoidosis has been tested The 
diagnosis was supported m each mstance by biopsy of at least one 
involved tissue There v, ere no autopsied cases In onlj'- one case, to be 
descnbed below, was any bactenological evidence of tuberculosis 
found dunng the course of this study The distnbution of the lesions, 
demonstrated by chnical, roentgenographic and pathological means, 
vas similar to that found by others m larger senes of cases (6, 20, 21) 
The positive observations are recorded m Table 1 Every patient had 
a roentgenogram of the chest Enlarged hilar lymph nodes and pul- 
monary infiltrations were considered evidence of the presence of the 
lesions in these sites The pulmonary lesions were usually of mihary 
type but occasionally^ they were patchy and asymmetncal No cavities 



TABLE 1 

Pcrltnent clmtcal, radiological and pathological data on the cases oj sarcoidosis 
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CASE NUMBER 

Age (yrs) 

Sex 

Race 

Positive 

Negative 

Guinea pig inoculation* 

Lymph nodes 
Superficial§ 
Mediastinalf 
Abdominal§ 
Lungst 

Eyest 

Skin§ 

Parotid gland § 
Bonest 
Mucosae§ 
Splcen§ 

rubcrcuhn test 
(mg Old 

1 ubercuhn) 

*0 

2 £ 

3 2 
■c-2 

tn o 
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* Inoculation ivith portion of biopsy matenal which contained lesions characteristic of sarcoidosis 
t Diagnosed by roentgenographic examination 
% Diagnosed by ophthalmoscopic examination 
§ Lesions venfied by pathological examination of biopsies 
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or apical lesions typical of tuberculosis w ere found The lesions of the 
eyes consisted of active or healed uveitis and one case had m addition 
a retrobulbar neuritis The biopsies demonstrated numerous epithehoid 
cell tubercles with no more than minimal microscopic necrosis Carbol- 
fuchsm stains in every mstance failed to reveal aad-fast bacilh Por- 
tions of the biopsy material from 16 cases were moculated mto gumea 
pigs and none of the ammals developed tuberculosis With one 
exception no acid-fast bacilh were obtamed from any source m this 
group of patients The exception was a 19 year old negro youth (case 
9) with typical uveoparotid fever, enlarged mediastmal lymph nodes 
and clear lung fields His tuberculm test to 1 mg of Old Tubercuhn 
was equivocal Smears of his sputum had been negative but one guinea 
pig, inoculated with matenal from a gastnc lavage, developed tubercu- 
losis A portion of his parotid gland, which contained lesions typical 
of sarcoidosis, was moculated mto tn o other guinea pigs and yielded 
a negative result The patient moved away before the gastnc lavage 
could be repeated 

Records of tubercuhn tests were available m all but two of the cases 
The results are summarized m Table 1 None reacted to 0 01 mg dose 
of Old Tuberculm Two of the 16 who were tested with 0 1 mg gave 
positive reactions Tw'o others who were tested with 1 0 mg reacted 
Five who were tested with 10 mg were negative Guinea pigs were 
inoculated with biops}’’ matenal from ever^’- case which had a positive 
tuberculm test 

The ages of the patients ranged from 19 to 65 years and the mean 
age was 28 years There were equal numbers of men and women 
Thirteen cases (59%) were negroes 

For comparison with the cases of sarcoidosis, a group of 26 cases of 
active tuberculosis was selected This group included cases with pul- 
monary, renal, osseous and meningeal infection The diagnosis m each 
instance had been confirmed by the demonstration of acid-fast bacilh 
in the sputum or other matenal Onl> one of these cases had a nega- 
tive tuberculin test This case wall be referred to again later Further 
comparison was made with two groups of healthy prechmcal medical 
students who had recently been tubercuhn tested The first group of 
30 students reacted positn ety to the first test dose of P P D Each 
one had recently had an x-ray of the chest and none had chmcal or 
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roentgenographic evidence of active tuberculosis The second group 
of 29 students -was negative to the second test dose of P P D and none 
had a history of tuberculosis or of a previously positive tuberculin 
test 

METHODS 

There is a large body of data on the complement £\ation reaction 
in patients with tuberculosis The wide variation in the results of 
early investigators (18) has been greatly reduced in the more recent 
studies employing better standardized methods (22) In 1927 Pinner 
(15) summarized the results of complement fi\ation m some 27,000 
reported tests from the earlier literature and his own evperience The 
variety of antigens used included culture filtrates, Old Tuberculin, 
whole bacillary cells, partially defatted bacilli, lipoidal fractions, 
various watery extracts and polysaccharide His analysis indicated 
that the isolated protein of the organism was not a satisfactory antigen 
for complement fixation and that the alcohol soluble substances were 
the best More recent experience indicates that an antigen of partially 
defatted bacilli gives positive results in 60-70% of cases of active 
tuberculosis (22) It was antiapated that the chemical methods em- 
ployed in the earlier studies may have yielded fractions of somewhat 
different antigenic properties from those obtained by more recent 
methods In the present study therefore a wide variety of antigens was 
used in order to provide a general coverage of the types of antigenic 
material used by others in the past as well as to provide certain of the 
more striking chemical components of the organism in high concentra- 
tion All antigens were prepared from the H 37 strain of tubercle bacilli 
Except where otherwise indicated the bacilh were cultured on a syn- 
thetic medium of the Long-Seibert type containing asparagine 

Heat-Mled bacilh Organisms cultured on synthetic medium over a 
period of a month were washed free of medium, ground in a mortar, 
and suspended in isotonic salt solution in a concentration of 10 mgs 
per ml This suspension was heated at 65 °C for one-half hour and was 
preserved by the addition of Zephiran (1 10,000) Dilutions of 1 50 
or 1 100 of this suspension were employed in 0 10 ml amounts in 
the tests 

Defatted bacilh Baalh were partially defatted in accordance with 



COMPARtSON OF SARCOIBOSIS AND TUBERCULOSIS 


209 


the method of Kohner (22) A four week culture m glycerol-veal 
broth was washed with distdled water, dned over sulphunc acid, and 
ground to a powder in a mortar Each gram of bacdlary powder was 
extracted mth 200 ml of ether followed by 200 ml of acetone and then 
200 ml of absolute alcohol In each case boding was contmued for 
one hour on an electnc heater with a Liebig condenser AH the orgamc 
extracts were discarded The dned bacdlary residue was made up in a 
concentration of 1 gm per 200 ml of water This was boded for one 
hour and then made isotomc by the addition of sodium ddonde 
Phenol was added to a concentration of 0 25% as a preservative 

Culture meditim filtrate This antigen was the whole filtrate of a 
glycerol-veal broth culture prepared accordmg to the techmque of 
Petroff (17) The culture was filtered through several layers of paper, 
the filtrate was heated at 65 °C for one-half hour and was then placed 
m sealed vacane bottles which were heated at 60°C for thirty minutes 

Culture medium protein Cultures were grown for eight weeks on 
synthetic medium Protein was prepared from the culture flmd by the 
method of Seibert and Glenn (23) without the use of heat The protein 
was preapitated by half saturation with ammomum sulphate at pH 
7 and was repreapitated eight times The final product was lyophdized 
and freshly prepared solutions in M/15 phosphate buffer of pH 7 3 
were used for each set of tests 

Bacillary protein Cultures were grown on synthetic medium The 
baaUi were washed, dried, ground and defatted as descnbed above 
Protein was extracted with phosphate buffer ^H 7 3) and purified 
by repreapitation several times from half saturated ammomum 
sulphate at pH 7 The purified protein was lyophihzed and freshly 
prepared solutions in M/15 phosphate buffer of pH 7 3 were used for 
each set of tests 

Phosphatide and Wax These hpids were prepared from bacilh 
grown on synthetic medium accordmg to the methods of Anderson, 
as descnbed m a previous pubhcation (24) The phosphatide was 
chilled and emulsified m distdled water by gnnding m a mortar The 
wax was emulsified by first dissolving it m chloroform and alcohol and 
adding to this an equal volume of salt solution, and subsequently 
evaporating the solvents over a water bath (25) 

Carhohydraie This was obtained from the filtrates of cultures on 
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synthetic medium by the method of Masucci, McAlpme, and Glenn 
(26) 

The antigens were employed in amounts determined in each case 
by preliminary anti-complementary tests Of the whole killed bacilli, 

01 or 02 mg was used as the test does for each tube Of the defatted 
bacilli, 0 1 mg was used The culture medium filtrate was used in 1 5 
dilution The culture medium and baciUary protein were used m 0 025 
mg amounts Phosphatide was used m 005 mg , and wa\ m 0 05 mg 
quantities The carbohydrate was used m varying dilutions from 01 to 

002 mg All antigen doses were contained m 0 1 ml volumes 

Complement fixation tests The technique of carrying out these tests 

has been described m a previous pubhcation (24) Particular attention 
was paid to the anti-complementary properties of each of the antigens 
and in every case titrations for this activity were set up m the presence 
of diminishing quantities of complement along with each set of tests 
Eacli serum was run in duphcate, one set without antigen, so that 
the anti-complementary activities of the individual sera could also 
be appraised The tests were incubated at 4°C for 18 hours Serum 
dilutions were used in amounts of 0 1 ml and the same quantity of each 
antigen was employed with all serum dilutions The end point reading 
was made in the last tube showing 50% hemolysis 

RESULTS 

Compaiison of antigens The efficacy of each of the antigens employed 
IS indicated in Table 2 in which the results with tuberculouspatients 
and with tuberculin-positive students are combined The culture 
medium protein gave the greatest number of positive reactions of all 
the isolated derivatives of the bacillus tested This has been found 
equally true in tests on experimentally infected animals (19) The 
similarly good result with culture medium filtrate was in all probability 
due to its high content of tuberculoprotein The bacillary suspensions 
have been distmctly inferior to the protein solutions except m cases 
of active tuberculosis (See Table 4) Reactions with the phospholipid 
and wax have been too infrequent to be of any value Tests with the 
carbohydrate have been uniformly negative 

The supenonty of the protein antigens in these complement-fixation 
reactions was further indicated by the fact that m only one instance 



COAEPARISON OF S-VRCOIDOSIS AND TUBERCDIOSIS 


211 


was a positive reaction obtained with another type of antigen when 
the reactions with the protein antigens were negative This exception 
was in the case of a tubercuhn-positive student whose serum reacted 
to a dilution of 1 20 with the heat-killed bacdh but failed to react to 
defatted bacilh, culture medium filtrate, phosphatide or culture 
medium protein In no instance did the baciUary protem give a positive 
reaction when the culture medium protem was negative among 14 
cases in which the same serum was tested with both these antigens 
In only one instance out of 35 tests did the culture medium filtrate 
give a positive reaction (m dilution of 1 20) when the culture medium 
protein was negative 


TABLE 2 

Combined results of complement fixation tests tn patients anth active tuberculosis and tn 
healthy tuberculin-positive subjects 


T\TE OF ANTICEV 

NO CASES TESTED 

NO CASES posrmx 

PEHCEN”! POSITI%X 

Heat killed bacilli 

41 

5 

12 2 

Defatted bacilli 

41 

8 

19 5 

Culture medium filtrate 1 

41 

14 

34 2 

Culture medium protein 

50 

22 

44 0 

Baallarj protein 

22 

3 

13 6 

Phosphatide 

41 

3 

7 3 

Wax 

26 

2 

7 7 

Carbohj drate 

28 

0 

0 


In view of these facts it was considered warranted to use the culture 
medium protein alone in canvassmg the sera durmg the last half of 
tlie experiment 

Results m sarcoidosis The complete data on the tests m cases of 
sarcoidosis are shown in Table 3 Those tests m which the sera were 
anticomplementary have been omitted Six of the twenty-two cases 
gave positive reactions on one occasion In only two of these cases 
was it possible to obtain a retest at a later date In neither of them 
was a positive test obtamed on the second or third sample of serum 
In five of the six positive cases, positive reactions were obtained wnth 
more than one antigen The supenonty of the protem antigens is not 
as clearly demonstrated m this group as it was m the group of tubercu- 
lous subjects, probably because there were so few positive sera In 
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TABLE 3 


Complement fixation reactions m 22 cases of sarcoidosis with antigens of M tuberculosis 


CASE NO 

DATE 

HEAT 
KILLED 1 
BACILLI 

DEE 

FATTED ! 
B\CILL1 

CULTHRE 

MEDIUM 

FILTRATE 

CULTURE 

MEDIUM 

PROTEIN 

B\CIL 

LARY 

PROTEIN 

PHOSPHA 

TIDE 

WAX 

CARBOm 

DRATE 

1 

7-21-44 

0 

0 

0 

0 

0 

0 

0 

0 

2 

8 17-44 
12-13 46 

2 

4 

■ 

0 

0 


■ 

0 


9-16 47 



Hi 

0 



■ 


3 

10 19 44 

0 

0 

0 

0 

0 

0 

0 

0 


4-5 45 

0 

0 

1 

0 

0 


0 

0 


4 



M 

0 

0 


° 1 

0 

0 

5 

12- 4 44 

1 

i 

D 

2 


■ 

0 

■ 


6 



0 

0 

0 

1 1 

‘ 0 

0 

0 

0 




0 

0 



0 

0 


7 



0 

0 

0 

1 

1 

0 

0 


8 

3 20 45 

« 

0 

0 



0 

0 


9 

5 28 45 

1 

’ 0 

0 

0 

4 


0 

0 



8 11 45 




0 





10 

6-12 45 

0 


1 

m 


0 

0 


11 
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0 
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TABLE 3 — Continued 


i 

ASE \0 1 

D\TE 

HEAT 

KILLED 

BACILLI 

DE 

rATTED 

BACILLI 

1 CULTURE 
! 1IEDIU3I 
FILTRATE 

CULTURE 1 
MEDIUM 1 
PSOXEIS 

BACIL 1 
LARA 
PSOTEIK 

PHOSPHA ' 
TIDE 

WAX 

CARBOm 

DRATE 

18 

5 27-47 




0 



1 


19 

6- 6-47 




0 






7-23-47 




0 






9-18-47 




0 





1 

20 1 

1 

6-20-47 


i 

1 


0 


i 


1 

1 

21 ! 

8-20 47 




0 




! 


9 18-47 


! 


0 

1 




22 

12-18-47 




0 






The figures indicate dilutions of serum used m 0 1 ml amounts 


no instance did any other type of antigen give a positive result when 
the soluble protein antigens failed to do so 
Comparison of sarcoidosis with other groups The cases of sarcoidosis 
have been compared in Table 4 with each of the other groups For the 
sake of conciseness each mdividual antigen has not been hsted sepa- 
rately The antigens have been grouped mto three types, viz , bacillary 
suspensions, protein solutions and hpid emulsions This is justified by 
the close agreement between the results obtamed with the sera of 
tuberculous patients with each antigen m the same group 
The last column of Table 4 summarizes the results in each group of 
cases vTth all the antigens used It indicates a high proportion of 
positive reactions (61 7%) among cases vith active tuberculosis 
Healthy subjects with positive tubercuhn tests gave a significantly 
smaller percentage of reactions (33 3%) There were no positive reac- 
tions among the control subjects who had negative tubercuhn tests 
The proportion of positive reactions in the cases of sarcoidosis (27 3%) 
was significantly lower than in the cases of active tuberculosis 
A companson of the different groups of subjects m respect to their 
reactions with each type of antigen may also be made m Table 4 
Only in the cases of active tuberculosis did the bacfilary suspensions 
give an madence of positive reactions comparable to those with the 
protein antigens This vas due to a high incidence of positive reactions 
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With the defatted bacillary antigen Save for this one exception, the 
protein antigens gave more reactions than any other in all the groups 
Ttters of antibody The complement fixation tests have been earned 
out with empirically determined optimal quantities of each antigen 
Arbitrarily assigning a unitary value to this quantity of antigen, the 
unit of antibody may be defined as the amount reacting with a unit of 
antigen The units of antibody per milhhter of serum may be calcu- 

TABLE 4 


Comparison of complement fixation in cases of sarcoidosis, tuberculosis, and healthy subjects 



j TVPE OF ANTIGEN 

ALL TYPES 

OP \nticEn 

Bacillaiy* 

Suspensions 

Protemf 

Solutions 

Lipidt 

Emulsions 

No 

tested 

> 

O 

o o, 

Z 

> 

No 

tested 

0 

> 

% 

positive 

No 

tested 

0 

> 

s 

0 

> 

J-\ 

No 

tested 

% 

positive 

22 cases of sarcoidosis 

13 

2 

JS 4 

22 

6 

2/ 3 

1 

12 

3 

25 j 

22 

27 3 

26 cases of active tubercu- | 
Josis j 


■ 

63 6 

26 

16 

61 7 

1 

11 

4 

i 

36 3 

1 

26 

61 7 

30 Students uith positive 
tuberculin tests 

1 29 

I3 

10 3 

30 

9 

29 7 

29 


■ 

30 

33 3 

29 Students with negative 
tuberculin tests 



0 

i 

i 29 

0 

0 

27 

0 

0 

29 



* Includes the results ith heat-killed bacilli and n ith defatted bacilli 

* Includes the results with culture medium filtrate, culture medium protein and bacil 


lary protein 

t Includes the results with phospholipid and nith uax 

lated from the highest dilution of serum giving a positive reaction 
On this basis a comparison of the positive sera from each of the groups 
IS presented in Table 5 

There is a significant preponderance of higher titers m the cases of 
active tuberculosis in comparison with the other groups This is most 
clearly shown with the protein antigens where the numbers of positive 
results were highest Sixty-seven per cent of the positive sera of tuber- 
culous patients had titers of 40 units per ml or higher when tested 
with the protein antigens Only thirty-eight per cent of the positive 
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sera of patients with sarcoidosis had titers of 40 umts per ml with 
these antigens and none were higher Twenty-three per cent of the 
positive sera of tubercuhn positive students were 40 units per ml 
A suggestive but less significant difference between the tuberculous 
and other sera is seen v ith the bacillary suspensions There were too 
few positives with the Iipid antigens to make a valid companson 

TABLE 5 

Dislnbiitwn of liters of positive sera 


TYPE or AMIGEN 



Baalho Suspensions 

Protein 

1 Lipid 

Units of antibody per cc 
of serum 

10 i 

20 


80 








40 

80 

6 Cases of Sarcoidosis | 

2 

1 

1 


1 

1 

1 I 

4 

1 

3 

{ 


! 

1 

1 

1 

16 Cases of Tuberculosis 

2 

4 

2 

1 

2 




1 

1 

1 

1 

1 

10 Students ivith Positive 
P P D 

'> 

“ 1 

1 

2 



7 

1 

3 

1 

1 

1 

1 


1 



COMMENT 

Our experience indicates that complement-fixation reactions with 
these antigens of M tuberculosis are specific for tuberculous infection 
No positive reactions were obtained in a group of healthy individuals 
who had negative tubercuhn skin tests and had negative histones and 
\-ray examinations The results were not complicated by concurrent 
sypliihs in which false positive complement fixation with tubercle 
bacillus antigens has been reported (22) The considerable number of 
negative tests on patients with active tuberculosis indicates, how ever, 
that detectable levels of arculatmg antibody may not alw'ays develop 
or persist dunng and after the mfection 
There is no established relationship between skin sensitivity to 
tubercuhn and the presence of circulating antibodies to the tubercle 
bacillus (9) Each develops m response to tuberculous mfection and 
each ma)>^ w’ane with the passage of time The skin sensitivity develops 
with much greater regulanty and usually persists for a longer tune m 
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infected human beings In the experimental ammal, however, the slan 
sensitivity often disappears late m the course of infection while circu- 
lating antibodies to bacillary protein persist (19) The disappearance 
of skin reactivity has been observed m moribund patients with far 
advanced tuberculosis and also as a transient occurrence during the 
course of certain acute infections (9) In this connection one of the 
cases of active tuberculosis m the present study is of particular interest 
This was a young negro woman with extensive pulmonary disease and 
a negative sputum who had a negative tuberculin test to 10 mg 0 T 
Her serum contained the highest titer of antibody (160 units per cc) 
of all the cases in this series Shortly after the test she developed signs 
of tuberculous meningitis and eventually died Autopsy verified the 
diagnosis of pulmonary and meningeal tuberculosis This indicates 
that a high titer of antibody may be present in the serum of patients 
with active tuberculosis who have a negative tuberculin test just as 
in the experimental ammals referred to above 
There is good general agreement among observers that a substantial 
majority of patients with sarcoidosis have a negative tuberculin test 
(2, 6, 8, 20) The tests on the present series of cases are in agreement 
with general experience Those who adhere to the theory of tuberculous 
etiology of sarcoidosis have referred to this fact as evidence of a 
“positive anergy”, implying that the patient is desensitized by the 
infecting organism or its products (27) Since there is no known effect 
of circulating antibodies on the state of tubercuhn sensitivity, it might 
be anticipated that antibodies to the bacillus would stiU be present in 
the circulatmg blood of the sarcoid patient even in the absence of sLm 
sensitivity, if the disease were indeed due to this agent Such a state 
of affairs has been observed in the tuberculous patient referred to above 
and in the experimental animal The results of this study indicate 
that such an anticipation is not realized The patients with sarcoidosis 
infrequently have circulating antibodies demonstrable by complement- 
fixation tests and those who do have antibodies tend to have a lower 
titer than patients with active tuberculosis 
The question remains as to the significance of antibodies to M 
tuberculosis m the fraction of sarcoid patients in whom they were 
found The group of patients studied was drawn at random from the 
hospital dispensary and offices of private physicians They may not be 
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considered as representative of any limited social or economic group 
nor of the commumty as a v hole It would be fruitless to tiy accurately 
to predict the expected incidence of tuberculous infection among them 
Since there is evidence that the incidence of positive tuberculin tests 
among cases of sarcoidosis is lower than it is among the population 
at large (2, 6, 8, 20), it is very likely that the madence of past tubercu- 
lous infection among cases of sarcoidosis is higher than the incidence 
of tubercuhn sensitivity, regardless of the etiology of this disease 
The fact that about a quarter of the cases were sensitive to tubercuhn 
suggests, therefore, that a somewhat larger proportion had had a past 
tuberculous infection The presence of circulating antibodies to the 
tubercle bacillus in about a quarter of the cases is further evidence in 
favor of this deduction since only a third of the previously infected 
healthy subjects had antibodies Altogether 8 of the 22 cases (36 4%) 
bad either a positive skin test or positive complement-fixation This 
suggests that a majonty of them may have had a past tuberculous 
infection, a not unreasonable possibihty in an urban group of this age 
distribution 

The etiological relationship of tuberculous infection to sarcoidosis, 
on the other hand, receives no support from this study There is a large 
difference in the incidence of occurrence and in the titer of complement- 
fixation antibodies between the group of sarcoid patients studied and 
the patients with active tuberculosis All the sarcoid patients had been 
biopsied relatively recently before the serological tests were done In 
each case, the histological lesions were nch in epithehoid-cell tubercles 
This IS a feature which is a rehable indication of activity in tubercu- 
lous lesions hloreover sarcoidosis is known to be a chrome, slowly 
progressive disease with e\’idence m many instances of contmuous or 
recurrent spread over months or years The chmeal symptoms and 
observations m most of these cases indicated that the disease had 
recently progressed or was currently domg so Therefore in order to 
show convmcmgly by serological means that the disease is of tubercu- 
lous etiology, it would be necessary to demonstrate a serological pat- 
tern that closely resembled that of active tuberculosis This has not 
been done 

Unless patients with sarcoidosis have an impaired abihty to produce 
or maintain arculating antibodies, the data presented here constitute 
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Strong evidence against the tuberculous etiology of this disease In 
view of the indications that patients with sarcoidosis suffer some dis- 
abihty in manifesting hypersensitivity to tuberculin following vac- 
cination with avirulent bacilli (11, 12, 13, 28), it might reasonably be 
questioned whether they have the capacity to develop antibodies to 
the bacillus when infected as readily as other individuals (29) An 
attempt is being made at present to determine whether any difference 
exists in the ability of patients with sarcoidosis to develop antibodies 
to M tuberculosis when vaccinated with avirulent bacilh in comparison 
with healthy individuals 


SUMMARY 

Complement fixation reactions have been performed on the sera of 
twenty-two cases of sarcoidosis, using a variety of antigens prepared 
from the H37 strain of Mycobacterium tuberculosis There was no 
clinical or pathological evidence of active tuberculosis among these 
patients and only four of them had positive tuberculin skin tests 
Positive serological reactions were obtained on five (27 3%) of the 
cases In contrast to this, sixteen (61 7%) of twenty-six cases of active 
tuberculosis gave positive serological reactions and the average titer 
was higher in this group than it was among the cases of sarcoidosis 
Ten (33 3%) of thirty healthy control subjects, who had positive 
tubercuhn tests, gave positive complement fixation reactions with a 
range of titers similar to that of the cases of sarcoidosis It is believed, 
therefore, that the positive complement Sxations observed among the 
cases of sarcoidosis may be due to a past tuberculous infection unre- 
lated to the sarcoidosis Unless patients with sarcoidosis have an im- 
paired ability to develop complement fixing antibodies to tlie tubercle 
bacillus, the considerable difference in serological reactions between 
them and cases of active tuberculosis indicates a difference m the etiol- 
ogy of these diseases 
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CLINICAL THERAPEUTIC TRIAL OF A NEW DRUG* 

The large number of new drugs which have been put forward m 
recent years as agents in the treatment of disease has raised many 
problems, none of which is more difficult of solution than the deasion 
concerning their safety and efficacy m the treatment of the diseased 
patient The conference today offers pharmacological and statistical 
advice on the design of therapeutic trials to the chniaan who must 
ultimately be responsible for these decisions The discussion will be 
opened by Dr E K Marshall, Jr 

Dr E K Marshall, Jr I should hke to outhne what data on the 
pharmacology of a new drug are, in my opimon, essential, and what 
are desirable before the drug is submitted to chnincal therapeutic tnal 
First, we have the question of the safety of tlie drug for the patient A 
great deal, but by no means everything, about this safety factor can 
be learned from carefully planned experiments on the toxiaty of the 
drug for animals If the drug is found to exhibit definite signs of 
disturbance of the function of vanous organs, such as kidney, hver, 
hematopoietic or nervous system, it is extremely likely that suffiaent 
dosage wiU cause the same type of toxic mjury m man On the other 
hand, where no toxic symptoms have been observed m animals except 
with veiy large doses of the drug, certain types of toxic symptoms may 
occur m man from small doses These are mainly of the nature of 
allergic reactions, skin reactions and blood dyscrasias These toxiaty 
experiments should be done with a dosage schedule of drug similar 
to that which one expects to employ in the therapeutic use of the drug 
in man A determmation of the acute toxiaty of the drug in animals 
(the toxiaty resultmg from a smgle dose) may give no information of 
value where one expects to give more than one dose of drug a day for 
several days m the clmical tnals Thus, qumine is much more toxic 
than qumacnne when a smgle dose is given, but the rexerse is true 
when the drugs are admmistered several times a day over a penod of 
several days Also, it is important to determine toxiaty on more than 
one speaes of animal The therapeutic dose of quinine for man based 
on concentrations of drug in the plasma causes bhndness in the dog 

* Therapeutic Conference held April 30, 1949 
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after a few days administration In the monkey as in man this dose 
or multiples of it can be given without causmg blindness or any serious 
toxic S 3 miptoms An investigation of the toxicity of the 8-aminoquino- 
hnes (the only drugs known to be curative of vivax malaria) showed 
that in the case of these extremely toxic drugs data obtained in the 
monkey, but not those obtained m the dog, rabbit, rat or mouse, can 
be earned over to man If possible, and particularly with extremely 
toxic drugs, both the monkey and dog should be included in the 
species used for toxicity studies The doses of drug given to animals 
should mclude those large enough to cause symptoms, so that one may 
get some idea as to what to look for when the drug is given to man 
Of great value in aU these toxicity studies is the use of another drug 
of the same general chemical t3q5e, which has been given to man, as 
a standard of comparison 

While not essential, it is desirable to have some knowledge of the 
absorption, excretion, distnbution, and fate of the drug before dinical 
trials are begun This kind of information allows one to arrange dosage 
schedules m relation to the presence of drug in the organism and to 
study possible cumulation of the drug 

It is, of course, necessary to have a definite idea of the purpose for 
which the drug is to be given a dinical tnal The possible therapeutic 
value of the drug is obtained from animal experiments These will be 
of many different types dependmg on the particular pharmacological 
actions of the drug A potential chemotherapeutic agent is tested 
against some experimental infection in anunals If possible, this infec- 
tion should be produced with the same species of parasite which causes 
human disease If the drug under consideration is not a potential 
chemotherapeutic agent, the pharmacological studies may be of a 
vanety of types in order to assess the possible therapeutic value of 
the drug Since it is very difi&cult to conduct adequately controlled 
therapeutic studies on man, it is important to assess the therapeutic 
value of the drug in animals as carefully as possible as a basis for its 
therapeutic use Here, again, a drug of sunilar nature already used m 
therapy should be used as a standard of reference for the new drug 

After animal experiments have been completed, the data obtained 
are checked by performing pharmacological studies on man These 
are aimed mainly to confirm data on the absorption, excretion, dis- 
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tnbution and degradation of the drug obtained m animals, and to 
m a pr elimin ary way the to’aatj of the drug for man Smce, 
■many tomc reactions which are not seen m animals ma> occur m man, 
great care should be used in the mitial administration of the drug to 
man Somewhere around one-fifth or one-tenth of the dose which 
would appear from animal e\-penments to be safe in man might be 
given as a start Only a smgle dose should be given initialli , as unex- 
pected untoward reactions are less hkel> with this procedure than 
with multiple doses The drug is now readv for assessment as to its 
therapeutic value The conduct of human therapeutic expenments 
with proper controls is b} no means simple The discussion of this 
phase of the subject, I shall leave to Dr Merrell 


ui 




DOSAGE 

Fig 2 Fig 3 

Figs 1-4 



Fig 


Dr Margaret Merrell The problem of human therapeutic tests on 
a drug is that of measunng some defined reaction or reactions, fav orable 
or unfavorable, against vRivang doses of the drug I shall discuss the 
issues first around the example of recoverv from a specific disease 
We may visuahaevanouspattemsof dosage and percentage recoverv*. 
Some of these are illustrated in the follovnng figures 
Fig 1 shows the situation where about 20% recover without the 
treatment but the percentage increases to about S0% vath increasmg 
dosage It never reaches 100% and bejond dose b there is no apprea- 
able gain with mcreasing dosage This is the sort of pattern v e usuallv 
visualize with a drug that has definite therapeutic value 
It is well to keep in nund that quite different patterns mav represent 
the actual situation Fig 2 is the case of a drug that does not affect 
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the chances of recovery at all, fig 3 shows the situation for the drug 
that affects survivorship unfavorably, and fig 4 indicates a drug 
which has a therapeutic value up to a point, but beyond that it is 
unfavorable, that is, there is an optimum dose 

The first experiment m evaluating a new drug clinically may well be 
the test of the drug at some fixed dose against a zero dose The hope 
IS that we will be dealing with the situation in fig 1 and it is desired 
to take a dose which is large enough (say dose a) to permit telling 
whether we are dealmg with the case of fig 1 or fig 2 but not large 
enough to be dangerous should we actually be dealing with the cases 
of figs 3 or 4 We would anticipate that if we get favorable results, then 
we would go on to a further examination of the dosage scale 

I shall confine my discussion to this first experiment (dose a against 
dose zero) since the issues I want to consider are the same for this 
experiment as for the further ones involving varying dosages These 
issues are 1) comparabihty of the groups entering the test, and 2) 
comparability of the measures of the effect 

Setting up a Control 

The first issue is that of getting a control, that is having the two 
groups receiving dose a and dose zero sunilar initially and in the 
course of treatment, for all things except the dose itself Similarity 
refers to those things that affect the prognosis However, it is impossible 
to identify all the elements that affect the outcome and therefore we 
require some process that will bring about similarity m our groups 
without attempting to categorize all the important factors and match 
the groups on those We may do no matching at all, or we may specify 
certain characteristics for which we match the groups, such as sex, 
color, age etc , but within these classes we must have comparability 
for the numerous unspecified factors which may be influential 

T his IS achieved by some sort of randomizmg process for assigning 
patients to the two groups, such as even and odd history numbers, or 
persons born m even and odd months of the year, or an assignment by 
lot For this process to be effective, it is necessary to have a reasonably 
large number in each group, since we are counting on chance to achieve 
comparabihty m our groups The question as to what is “reasonably 
large” depends upon the problem and the factors involved, but it is a 
rare problem indeed where a series of less than 20 per group is adequate 
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and often much largernumbers are needed It is orth emphasizing that 
It IS better to build up a \\ ell-controUed series in this way e\ en if it has 
to be done gradually than to get a larger senes poorly controlled 
Large numbers in themselves are worse than useless if the groups are 
not comparable, since the}' encourage confidence in an erroneous 
opinion 

After the two groups have been set up it is ell to compare them for 
vanous attnbutes to see that they are in fact similar for these factors 
This constitutes a check on the procedure used We must keep m mind 
that the object of the efltort to achieve similar groups is that whatever 
difference we find in our results may be attributed to the drug and not 
to the fact that the groups i\ere dissiimlar m the first place 

It may be i^ell to mention two or three types of “controls” that are 
not satisfactory One is the histoncal control, for etample the observa- 
tion that in the pre-drug days, only m per cent reacted fav'orably and 
with the drug in use this is changed to n per cent If everj thing re- 
mamed constant in the situation, this would be all nght, but there is 
no assurance that this is the case There are differences m treatment 
aside from the spcafic drug, difference in type of patients presenting 
themselves, often due to the very fact that a drug is available, differ- 
ence m the general economic and health set-up of the patients A second 
unsatisfactorj’’ control is that made up of patients w ho refuse the treat- 
ment One can think off hand of many w ays in w hich such patients 
may differ from those accepting treatment The impossibility of assess- 
ing the importance of these differences means that the results are 
incapable of interpretation and therefore the observ'ations are w asted 
Another control involving the same difficulties of interpretation is that 
obtained from another clinic not using the treatment 

In presenting the data on a clinical experiment the actual procedure 
used in selecting cases and assigning them to the two groups should 
be exphcitly defined If the study has been well-conducted, rules must 
have been laid dowm and these should be stated It is difficult to 
evaluate the work reported in a paper when the description is given m 
such vague phrases as “consecutive cases ” The absence of a more 
specific description leads naturally to a doubt as to the author’s 
awareness of the difficulties surrounding the setting up of a good con- 
trol and consequent doubt of the interpretation 

Once comparable groups have been established it is necessaiy'- that 
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they should be treated in exactly the same way It is of course for 
this reason that a placebo or some other drug is used to control various 
environmental and psychological factors that may influence the out- 
come These influences may be very subtle but nevertheless potent 
and It IS desirable whenever possible to have the person administering 
the treatment unaware of the identity of the drugs 

Measurement of Effects 

The effects on which the drug is to be assessed should be defined 
at the outset and not left to be ferreted out when the results are in 
Definitions and objective criteria should be laid down which will be 
ahke for the two groups If the effect is death or recovery this is easy, 
but even here certain criteria must be specified, such as the time cut- 
off of deaths to be counted, since the longer the patients are followed 
the more of them will die The definition “death in hospital” is unsatis- 
factory because length of hospitalization may be a factor of conse- 
quence It is important also to define any exceptions that may be made 
on cause of death, since exclusion of “non-specific” deaths may allow 
bias to creep in 

If the measurements are on x-ray findings, lesions, skin reactions, 
etc , it IS important to make the criteria as objective as possible 
However it is impossible in such measurements to rule out some 
subjective judgment on borderhne cases It is with this difficulty in 
mmd that it is recommended that the person making the judgment 
have no knowledge of the treatment group to which the patient was 
allocated The difficulty of avoiding unconscious bias is so great that 
the experimenter is in a pecuharly advantageous position if he can 
make his judgments unburdened by knowledge of the patient’s treat- 
ment 

Illustrations 

Numerous examples of the unportance of these various features of 
a control could be cited from the medical literature I want to mention 
certain features of three well-controlled chnical experiments by way 
of illustration The first concerns the value of gelatin as an energizer 
Uncertamty concerning its merit persisted for some years because of 
a number of inadequately controlled tests reported in the hterature 
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An interesting experiment was reported in 1942 (1) in which 33 
volunteers from the football teams m an institution formed the test 
and control groups The description of the experiment is in part as 
follows “Two sets of tablets similar m appearance, shape, form, and 
taste were speaally prepared by a pharmaceutical house The 
investigators knew only that one set contained amnoacetic aad 
while the other set was a mixture of lactose and saccharose 
The identity of the tablets was not revealed until the expenment had 
been completed, the final calculations made and conclusions drawn ” 
The instrument used to measure work was a bicycle ergometer con- 
structed so that work output could be translated into watt output per 
second For 13 dajs there was a prelimmarj’- training and studj 
penod and then the tablets were given four times dail}', with the 
explanation to the subjects that a test was being made to find out 
whether gelatin increased work capaatj’’ The men were led to behexe 
that aU the tablets contained gelatin 

Figs 5 and 6 show the results of the expenment It will be seen that 
dunng the preliminary test penod the work output w as x irtuallx lex el, 
but that both groups showed a marked increase while recemng the 
capsules After 34 days the capsules w'ere sxntched, so that the men 
who had been given the gelatin now receixed the placebo and xice 
versa By this tune the men had about fulfilled their potentialities and 
both groups levelled off If the placebo had not been a part of this 
expenment, but instead, a “before and after” companson had been 
made, it is almost inexntable that the conclusion xxould haxe been 
drawn that ammoacetic acid was an effectix'-e energizer The authors 
emphasize the importance of the experimental design in the conclusion 
that “a study of the effects of a drug on fatigue must be meticulously 
controlled the drug under study should be administered alternately 
xxith a placebo identical in physical charactenstics, and the identit}' 
of each should be unknowm to the subjects as well as to the inxestiga- 
tors ” From a xvide vanety of studies in other fields, it maj be said 
that this statement holds generally and is b}’’ no means hmited to 
studies on fatigue, where admittedly the psj chological factor is an 
important one 

The second example is one of the war-tmie sea trials to assess the 
relative value of various motion sickness prex'cntix es Two drugs and 
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a placebo were under test For administrative reasons it would have 
been easier to use a single remedy on a given boat It was argued that 
the boats were alike and were to run parallel courses However, the 
persons desigmng the experiment insisted that all three remedies 
should be used on each boat and this was done When the results were 
m, it was found that the men on one boat had lower rates for each of 


^ork Output /Issocwted mtlh the Administration of Ammoacetic Acid 



the three remedies than the men on correspondmg remedies on the 
other boat Investigation revealed the fact that there was a difference 
in the ballast this boat was carrying This was a fact which was quite 
mapparent to the experimenters and they would never have bothered 
to look for it if the boat had contained a single remedy Had this 
been the case it would naturally have been inferred that this remedy 
was particularly efficacious, since the boats and courses run were alike 
Finally I want to cite a clinical experiment conducted by the 
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Medical Research Council on streptomyan treatment o£ pulmonary 
tuberculosis (2) The report merits study not only for the results but 
for the way the experiment was conducted The first part of the report 
takes up a careful definition of the type of case accepted for study, 
how the cases were obtained, and how they were allotted to the 
streptomyan and control groups “Determination of whether a patient 
would be treated by streptomycin and bed-rest (S case) or by bed-rest 
alone (C case) was made by reference to a statistical series based on 
random samphng numbers drarni up for each sex at each centre by 
Professor Bradford Hill, the details of the series were unknown to any 
of the investigators or to the coordmator and were contained in a set 
of sealed envelopes, each bearing on the outside only the name of the 
hospital and a number After acceptance of a patient by the panel, 
and before admission to the streptomyan centre, the appropriate 
numbered envelope was opened at the central office, the card inside 
told if the patient w’as to be an S or C case, and this information 
was then given to the medical officer of the centre ” 

I have cited just one feature in the design of this study — that of 
assignment of patients to the two groups The same scrupulous 
planning applied to other features of the study, and finally to the 
presentation of results It is possible to find out from the report just 
what w'as done, and what the outcome was for patients falling into 
various diagnostic classes The result is that a rather limited number 
of cases, only 107 all told, have served to give definitive results which 
one can interpret with confidence 

Stakshcal Aid 

In deahng with clinical studies of this type, it is not at all uncommon 
for the clinician to seek statistical aid after the results are in, to find 
out whether differences are significant, or in some other W'ay to have 
assistance in the analysis If such a move is contemplated it is well 
to seek this assistance at the outset for there are no statistical maneu- 
vers that -will rescue a study that has not been w'ell controlled Statisti- 
cal constants can be computed and it can be determined whether a 
difference is significant, but whether or not the difference is associated 
with the therapy or with the unknoivn or unthought of factor, such as 
ballast in the ship, is anybody’s guess 
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Practical Problems 

Some of the recommendations and requirements listed above for a 
human experiment of this type may appear impossible of achievement 
The question of the doctor’s duty to the patient and the demands of 
the patient for a particular treatment immediately come to mind 
Many of the potential difficulties do not arise, however, if the clinical 
experiment can be carried out very promptly foUowmg the necessary 
pharmacological tests By “promptly” I mean as soon as the drug is 
ready to be tried on patients at all The very first trials should be in 
terms of a well-controlled experiment 
It IS easy to fall into the error of assuming that a new drug must be 
good and therefore it is unethical to withhold it from a patient It must 
be remembered, however, that we may be deahng with the situation 
m fig 3 It may well be that those from whom the drug is withheld 
are m fact the fortunate ones, and that by not setting up a control 
this fact IS not immediately discovered 
Another reason for prompt action is that a good chnical experiment 
IS far easier to achieve before the word of the new antibiotic reaches 
the news stands And if it has, unfortunately, received early pubhcity, 
the drug may be relatively scarce at the outset, a fact that may be 
used to advantage 

If advance plans for the type of human experiment required are 
made while the pharmacologist is stiU carrying on the necessary 
laboratory work then, when this is complete, controlled trials can 
begin immediately and many of the hurdles which a delay is likely to 
erect, wiU not be there to obstruct the work 
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\ATiole blood appears to contain all of the substances which are nec- 
essarj'^ for spontaneous coagulation Blood obtained by techniques 
designed to prevent contamination wnth tissue juice or other extrane- 
ous matenal will clot spontaneously in a glass receptacle In the clas- 
sical theones of blood coagulation theimtiation of clottmg is attnbuted 
to the presence of thromboplastin, a substance w hich has the propertj’- 
of converting prothrombin to thrombin An appreaable amount of 
effective thromboplastin is apparently not available in blood in vivo 
since intravascular clotting does not normally occur The absence of 
effective thromboplastic activity from freshly drawn normal blood is 
further suggested by the great prolongation of the clotting time which 
is observed when blood is permitted to come in contact only wnth oiled 
or paraffined surfaces Apparently on contact with certain foreign 
surfaces blood ma> undergo a change in w'hich effective thromboplastic 
activity appears The present studies are concerned with the nature of 
the alteration winch takes place m blood on contact watli glass surfaces 

According to the classical theory of blood coagulation the source of 
thromboplastin in blood is believed to be the platelets (1) While this 
behef has been widely accepted, some investigators liaAe presented 
evidence suggesting that platelets are not necessarj'- for the vniiaiion 
of clotting (2, 3, 4, 5, 6, 7, 8) These workers belie\e that all of the 
components of blood required for spontaneous coagulation are present 
in platelet-free plasma The use of silicone in blood clotting studies (9) 
has greatly facihtated the investigation of this problem Nevertheless, 

' This im estigation vas supported m part by a research grant from the Division 
of Research Grants and Fellowships of the National Institutes of Health, U S 
Public Health Service 
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results obtained with this technique have been conflicting (8, 10, 11), 
and there is no agreement concerning the role of the platelets in the 
initiation of coagulation 

Previous studies have shown that when normal human plasma is 
rendered severely platelet-defiaent, its clotting time m sihcone-treated 
tubes IS significantly longer than m glass tubes (8) Not infrequently 
essentially platelet-free plasma does not clot spontaneously in sflicone- 
treated tubes although the same plasma clots readily in glass tubes 
Contact of platelet-deficient plasma with a glass surface apparently 
results m an alteration which may not occur on contact with a sihcone- 
treated surface There are two possibilities concerning the manner in 
which glass surfaces serve to promote coagulation of essentially plate- 
let-free plasma (1) a few platelets remain and are essential for the 
initiation of clotting, or (2) the clotting process occurs independently 
of platelets In the experiments to be descnbed an attempt has been 
made to shed further hght on this problem by observing the effects on 
coagulation of varying independently the concentration of platelets 
and the area of glass surface to which normal human plasma is ex- 
posed 


METHODS AND MATERIALS 

Essentially platelet-free plasma was prepared by high-speed cen- 
trifugation of human blood at low temperatures, using sihcone-treated^ 
apparatus as previously descnbed (8) No anticoagulant was employed 
In most of these experiments the sihcone-treated surfaces were rein- 
forced by a film of silicone oil ® During the preparation of the plasma 
its temperature was not permitted to rise above 2°C Speaal precau- 
tions were taken during the centrifugation period to ensure that the 
temperature of the plasma in the centnfuge cups did not exceed 2°C 
Freezing of the plasma was not permitted to occur Platelet-nch plasma 
was obtained in the same manner by low-speed centrifugation Plasmas 
with different platelet concentrations were prepared by mixing plate- 
let-defiaent and platelet-nch plasmas from the same source Platelet 
counts on platelet-nch plasma were performed using Rees-Ecker dilu- 

2 General Electric Dri-Film 9987 

3 Silicone oil 9996-200 centistokes was kindly supplied by Dr E G Rochow, 
Department of Chemistry^ Harvard University 
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ent, and on platelet-deficient plasma by direct microscopic observation 
of the undiluted plasma as previously described (8) 

Clotting times of 1 ml portions of plasma were detenmned at 37°C 
in scrupulously dean Pyre-? test tubes (13 x 100 mm) usmg m most 
mstances three tubes for each determination The tubes were observ'ed 
for a nunimum of 24 hours 

Prothrombin times were detenmned by the one stage method of 
Quick using rabbit brain thromboplastin prepared accordmg to the 
techmque of Brambel (12) Recalafied plasma dotting tunes were 
measured at 37°C foUowmg the addifaon of 0 3 ml of M/40 calaum 
chlonde solution to a mix ture of 0 3 ml each of decalcified plasma and 
0 85% sodium chlonde solution Decalcified plasmas were prepared 
by the addition of 10% by volume of M/10 sodium ovalate to native 
plasmas obtained by the sihcone techmque previously descnbed The 
prothrombin activity remammg m the serum after dottmg was esti- 
mated by determination of the prothrombin time of the serum 0 1 
ml of serum was added to a mixture of 0 1 ml of rabbit-brain throm- 
boplastin and 0 1 ml of recalafied prothrombm-free plasma prepared 
by banum sulfate adsorption The time required for dot formation at 
37°C was then noted ■* 

Suspensions of macerated platelets were prepared from the sediment 
obtained by high-speed centnfugation of platelet-nch plasma This 
sediment, which was composed of a sohd, tenaaous mass of platelets, 
was washed 6 times with 0 85% sodium chlonde solution and then 
ground vnth a glass mortar and pestle There appeared to be no loss 
of thromboplastic activity as a result of the repeated vashmgs and 
maceration From the platelet count of the ongmal plasma and the 
volume of the sahne in which the macerated platelets were finally sus- 
pended, the “platelet equivalent” of the suspension was estunated 
Microscopic observation revealed that few if any intact platelets re- 
mamed 

Crushed glass was prepared from Pyrex test tubes of the same lot 
used for clotting time determinations Particles which passed through 

^ This procedure is not an accurate measure of residual prothrombm smce the 
result may be mfluenced by other serum constituents Hon ever, when thrombm 
IS absent and changes m prothrombin are large, this techmque seems to provide a 
satisfactory index of the amount of prothrombin disappearmg during clottmg 
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a 32 mesh screen were treated with chromic acid, rinsed with copious 
quantities of distilled water, and dned m an oven 

RESULTS 

The Clothfig Time of Platelet-Deficient Plasma in Glass and 
Silicone-Treated Tubes 

When human plasma was rendered severely platelet-defiaent there 
was a marked difference between its clotting times in glass and in sih- 

TABLE I 


Clolltng Times of Severely Plalelel-Defiaent Plasmas tn Glass and Silicone Treated Tubes 


EXPERIMEKT 

NATIVE fJATELET DEnciENT PLASMA 

Platelets 

j 

1 Clotting time of 1 ml portions at 37*-C 

Glass tubes 

Sihcone tubes 


per cmm 

tnxn 

m\n 

I 

1 

17 

No clots 

n 

1 

70 

No clots 

m 

2 

23 

No dots 

IV 

3 

49 

No clots 

V 

3 

54 

No clots 

VI 

4 

42 

No dots 

vn 

6 

97 

No clots 

VIII 

10 

39 

No clots 

IX 

50 

30 

No dots 

X 

no 

21 

No clots 


Plasmas were observed for clot formation for at least 24 hours 


cone-treated tubes In Table I the data of 10 experiments are presented 
m which essentially platelet-free plasma showed no evidence of dot- 
ting m sdicone-treated tubes at 37°C during a period of observation of 
at least 24 hours In every instance, however, relatively prompt clot- 
ting occurred in glass tubes The fact that these plasmas did not dot 
in sihcone-treated tubes provides definitive evidence that no thrombm 
or effective thromboplastin was present m the plasma at the time of 
its introduction into glass tubes It is apparent from the data in the 
table that there was no relationship between the clotting time in glass 
tubes and the number of platelets remaining 
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TABLE n 


Efecl of the Addition of Crushed Glass on the Clotting Time of Plasma with Varying 
Platelet Concentrations 

E-q>ennient I 



PUTELEIS (PEE CMlt) 

t 8 

167 500 

385,000 

670 000 

Clotting time (mm ) 

4 

4 

4 

3 


4 5 

4 

4 

3 5 


5 5 

4 

4 

4 


Experiment 11 



PLATELETS (PEE OOl) 

1 

iOO 

IOj 000 

210 000 

Clotting time (nun ) 

6 

7 

7 

7 


7 

8 

7 

8 


9 

9 

8 

8 


Espenment HI 


rlATELETS (pee QUI) 



23 

16 000 

J56 000 

312 000 

Clotting time (min ) 

4 

4 

4 

4 


4 

4 

4 

4 


4 

4 

4 

4 

4 


PJasmas Hath different pJatelet concentrations ivere obtained by mixing pktelet- 
defiaent and platelet-nch plasma from the same source 150 mgm of crushed glass was 
added to 1 ml portions of plasma and the clotting time at 37°C determmed in tnplicate 
When no crushed glass was added the clotting times in glass tubes w ere much longer 
in each instance 

Effect on the Rate of Clotting of Varying the Platelet Concentration when 
the Glass Surface Area is Constant 

When the glass surface area was relatively hmited, as m ordinary 
test tubes, the dotting time of plasma appeared to be inversely related 
to the platelet concentration, if changes in the latter were large (8) 
However, when the surface in contact with plasma was increased by 
the addition of crushed glass, the rate of dotting became essentially 
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independent of the platelet concentration over an extremely wide 
range (Table II) Under these conditions the most platelet-defiaent 
plasmas obtained clotted m approximately the same time as those 
containing several hundred thousand platelets per rmm 

TABLE III 

Effect of Crushed Glass on the Rate of Clothng of Platelet-Rich and Platelet Deficient Plasmas 

tn Glass Tubes 

Expenment I — Effect of different amounts of crushed glass on the rate of clotting of 
platelet nch plasma (Platelets 410,000 per cmm) 


CSXJSEED GLASS (ifClf/itL PLASUA) 



0 

10 

25 

50 

100 

150 

300 

500 

800 

Clotting time (min ) 

9 

6 

S 5 

4 

4 S 

3 

3 

2 5 

2 5 


9 

^ 1 

6 5 

5 

45| 

3 5 

3 

2 5 

2 5 


Experiment 11 — Effect of different amounts of crushed glass on the rate of clotting of 
platelet deficient plasma (Platelets 16 per cmm) 


CROSnED GLASS (MOlt/UL TLASSU) 



B 

10 

25 

SO 

1 100 

1 ISO 

300 

500 

800 

Clotting time (mm ) 

n 

10 

8 

7 5 1 


B 

6 5 

6 

S 



11 

9 5 

9 j 


B 

7 5 

6 5 

6 


Experiment III — The relationship of particle size to the clot promoting effect of crushed 
glass on platelet deficient plasma (Platelets 6 per cmm) 



CRUSHED GLASS 150 MGll/UL PLASMA 


>16 Mesh 

16 Mesh I 

32 Mesh 

50 Alesh 

100 Mesh 

Clotting time (min ) 

8 

6 

5 5 

6 

4 


9 

7 

6 

3 5 

3 5 


The clotting times of 1 ml portions of plasma were determined in duphcate at 37°C 
In experiments I, II and III the subjects as well as the lots of crushed glass were dif 
ferent, so that the results are not strictly comparable 


Effect on the Rate of Clotting of Varying the Area of Glass Surface When 
the Platelet Concentration is Constant 

The effect of adding varying amounts of crushed glass to platelet- 
rich and to platelet-deficient plasma is shown m Table III With glass 
of the same particle size there was an inverse relationship between the 
amount of glass added and the clotting time, regardless of the platelet 




























STUDIES ON INITIATION OF BLOOD COAGULATION 


237 


concentration Relatively small amounts of crushed glass were very 
effective in shortemng the dottmg tune of severely platelet-defiaent 
plasma When a constant weight of crushed glass was added to plasma, 
the rate of clotting was inversely related to the glass particle size 


TABLE W 

Clot Accelerating Effects oj Macerated Platelets on Platelei-Deffcient Plasmas 
Espenment I — Onginal Platelet concentration of plasma 3 per cmm 



I TYPE or TUBE 

1 

i 

Glass 1 

[Sibconej 

Glass j 

1 Gbss 

j Silicone 

1 Glass 

j Sibcone 


Crushed glass (mgm) 


« 1 

0 

150 1 

0 

“ i 

0 1 

0 

Macerated platelets (final 

0 

0 

0 

200,000 

200,000 

2000 

2000 

concentration per cmm of 
plasma) 




1 

1 




Clotting time (mm ) at 37°C 

10 

20 


1 

s 


18 

19 


17 

49 


8 


18 

27 


26 

120 


1 

Hi 

31 

55 


Expenment n — Onginal platelet concentration of plasma 15 per cmm 



TYPE or TUBE 


Glass 

Silicone 

Glass 

Gla«5 

1 Silicone 

Glass 

Silicone 


1 Crushed gla^s (mgm) 


0 


loO 

0 

0 


0 

Macerated platelets (final 

0 



90,000 

90,000 

900 

900 

concentration per cmm of 
plasma) 


[ 

i 





Clotting time (mm ) at 37°C 

12 

15 

6 

7 

_ 1 

7 

19 


14 

32 

6 

8 


12 

20 


19 

51 

\ 6 

8 

1 i 

16 

51 


0 1 ml of suspensions of macerated platelets were added to 0 9 ml of platelet-defiaent 
plasma to give final concentrations of platelets recorded 

The clot acceleratmg effect of the macerated platelets was compared to that of crushed 
glass 


Clot Accelerating Effect of Macerated Platelets 
The effect of macerated platelets on the dottmg time of platelet- 
defiaent plasma is shown in Table IV Concentrated platelet suspen- 
sion was less effective in accelerating coagulation than was crushed 
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glass Furthermore, when crushed glass in adequate amounts was 
added to platelet-deficient plasma the clotting time was not further 
reduced by the simultaneous addition of macerated platelets Diluted 
platelet suspensions had relatively little effect on the dotting time of 
platelet-deficient plasma in glass and sihcone-treated tubes In experi- 
ment I of Table IV, for example, the addition of suffiaent platelet- 
material to provide a final concentration of 2000 macerated platelets 
per cmm , shortened the dotting time in silicone tubes only from 120 
to 55 minutes On the other hand, addition of 150 mgm of crushed 
glass to this plasma containing only 3 platelets per cmm shortened the 
clotting time to approximately 6 minutes Concentrations of macer- 
ated platelets equivalent to many times the number of platelets 
ongmaUy present in centnfuged plasma failed to eliminate the differ- 
ence between the clotting times in glass and sihcone-treated tubes In 
view of these results, it seems improbable that the increased rate of 
dotting of essentially platelet-free plasma in glass as compared to 
sihcone-treated tubes can be attnbuted to the presence of a few remain- 
ing platelets 

Effect of Inciibahon on the Reactivity of Platelet-Deficient Plasma to 

Glass Surfaces 

Platelet-deficient plasma which remained fluid in sihcone-treated 
tubes at 37°C for 24 hours (Table I) occasionally clotted at the end of 
that time following the addition of crushed glass However, in most 
cases such stored plasma was not clotted by glass At times the reac- 
tivity of plasma to crushed glass was lost after only 6 hours incuba- 
tion at 37°C When plasma had been stored for a sufficient length of 
time so that it was no longer dotted by ground glass, it could still be 
clotted by rabbit-bram thromboplastin Even when platelet-deficient 
plasma was stored at relatively low temperatures (2-7°C) for 24 hours, 
there was occasionally a loss of reactivity to glass surfaces at 37 C 

Relationship of Glass Surface Aiea and Platelet Concentration to the 
Amount of Prothrombin Concerted During Clotting 

When plasma clotted in sihcone-treated tubes, the amount of pro- 
thrombin remaining after clotting was relatively large, regardless of 
the platelet concentration (Table V) In glass tubes on the other hand, 
there was an inverse relationship between the number of platelets 
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present and the quantity of prothrombin remaining At a given platelet 
concentration the amount of prothrombm which disappeared durmg 
clotting was related to the glass surface area (Table VI) Even when 


TABLE V 

Relalionship of Plaldel Coticenlralton to the Rate of Comernor of Protiromhtr 




1 flatklets (PE£ oqi) 

i 



0 

22 200 

44 400 

fiS^OO 

222 000 

333 000 

444 000 

Residual prothrombm 

Glass tubes 

19 

29 

35 

38 

53 

84 

90 

times (sec ) 

(4 hours after clottmg) 

Sihcone tubes 

IS 

21 

23 

23 

27 

j 26 

24 


The plasmas used m this espenment were den\ ed from a single source, and allowed to 
clot at 37°C m glass and sihcone-treated tubes After 4 hours of mcubation at 37°C the 
prothrombm times of the sera were determmed as descnbed m the section on methods 


TABLE VI 

Relaltonshtp of the Glass Surface Area to tie Rate of Conversion of Prothomhn 


FKOiaaoHBc. nvn: or SEsmt nnssvzsi rsoji 


IHTE 0^ DETERinSA 
nON IV RELATION TO 
CLOTTING 

Platelet rich plasma* alloK-ed to 
clot in the presence of crushed glass 
(mgm crushed glass/ml of plasma) 

PlateJet-deSaent plasma** allowed 
to dot in the presence of crushed glasa 
(aigm crushed glass/ml of plasma) 

0 

150 

500 

fiOO 1 

0 

laO 1 

500 

soo 


Sec 

Sec 

Sec 

Sec 

Sec 

St 

Sec 

Sec 

Before 

16 

— 

— 


16 

1 

— i 

— 

2 hours after 

18 

Ill 

122 

100 

— 

— i 

— 

— 

4 hours after 

34 i 

215 

297 

600 j 

22 

24 

29 

37 


* Platelet-nch plasma contained 464,000 platelets per cmm 
** Platelet-defiaent plasma contamed 7 platelets per cmm 

Plasma was allowed to clot at 37°C in the presence of the amount of crushed glass 
indicated 

After 2 and 4 hours of mcubation at 37'’C the prothrombm time of the serum was 
determmed as descnbed in the section on methods 


plasma was severely platelet-defiaent, this relationship persisted Maxi- 
mal conversion of prothrombm occurred only when both the platelet 
and surface factors were adequate 

Obseroattoiis on the Mechanism of Action of Glass Surface in Coagulation 

Crushed glass failed to cause the coagulation of oxalated plasma 
The recalafied plasma clottmg time was shortened after incubation 
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TABLE VII 

Efecl on the Recalcified CloUt7ig Twie of Oxalated Plasma of Inciibatwn in Tubes of Diferent 
Surfaces and with Crushed Glass 


OXAIATED PLATELET DEFICIENT PLASIU (9 PLATELETS PEE OIU ) 



Incubated in 
glass tube 

Incubated in j 
tube with 
crushed glass 
450 mgm per ml | 

Incubated in silicone treated 
tube 


Recalcified in 
Glass tube j 

Recalcified in 
Glass tube 

Recalcified in 
Glass tube 

1 

Recalcified in 
Sihcone 
treated tube 

Recalafied in presence of 
crushed glass (mgm) 

0 

ISO 

0 

150 

0 

ISO 

0 

Recalafied clotting time 

12 5 

■ 

8 

7 

13 

7 

■ai 

(mm ) 

13 5 

■ 

8 

7 

16 

m 

■B 


Plasmas oxalated after the removal of the platelets were incubated at 37°C for IS 
minutes with and without crushed glass Following mcubabon the plasma was recalcified 
in glass and in silicone-treated tubes with and without added crushed glass 


TABLE VIII 


Ejfect of Crushed Glass on the Recalcified Plasma Clotting Time in the Presence of Eighty 
Diluted Rabbit-Brain Thromboplastin 
Experiment I — Platelet rich plasma (platelets 240,000 per cmm ) 


thsouboplastin concentration 


1 3200 


1 800 


Crushed glass (mgm/in! plasma) 


1 200 



0 

150 

0 

150 

0 1 

150 

0 

150 

Recalcified clotting 
time (sec ) 

205 

96 

130 

88 


58 

46 

39 


Experiment II— Platelet deficient plasma (platelets 35 per cmm ) 


thromboplastin concentration 

0 I 1 3200 I 1 800 I 1 200 


Crushed glass (rngm/ml plasma) 



0 

150 

0 

150 

0 

150 

0 

150 

Recalcified clotting 
time (sec ) 

655 

171 

205 

146 

91 

87 

47 j 

45 


0 3 ml of 0 85% sodium chloride solution or diluted thromboplastin was added to 03 
ml of oxalated plasma The mixture was then recalafiedwathO 3 ml M/40CaCb Crus e 
glass was added just pnor to recalcification The platelet-rich and -deficient plasmas were 


obtained from the same source 
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With crushed glass whether or not the glass was removed by high-speed 
centnfugation pnor to recalcification (Table VII) The recalafied 
plasma clotting time of platelet-nch plasma was shorter than that of 
the same plasma rendered platelet-deficient (Table VIII) However, 
the clot promoting effect of crushed glass was as pronounced on plate- 
let-defiaent as on platelet-nch plasma Increasing the surface area of 
glass was effective m shortening the recalafied plasma dotting time 
m the presence of diluted rabbit-bram thromboplastin However, as 
the concentration of this thromboplastin was increased, the clot ac- 
celerating action of glass was dimini shed With potent thromboplastin 
preparations such as are used in the Quick test, glass had no detectable 
effect When ovalated plasma was dotted by thrombin,® glass had no 
demonstrable influence on the rate of the reaction 

DISCUSSION 

A number of previous studies suggest that platelets are not essential 
for the imitahon of coagulation (2, 3, 4, 5, 6, 7, 8) While some of the 
data presented are convmang, this condusion has not been widely 
accepted It is common behef that platelets are required for the initia- 
tion of dotting, but few investigators daun to have produced a spon- 
taneously incoagulable platelet-free plasma from mammahan blood 
(10, 11, 13) 

In the present paper experimental data show that essentially plate- 
let-free plasma was often spontaneously incoagulable m sdicone-treated 
tubes, although relatively prompt dottmg mvanably occurred in glass 
tubes The absence of clot formation in sihcone-treated tubes indicates 
that neither effective thromboplastin nor thrombin was produced 
dunng the preparation of platelet-defiaent plasma However, the oc- 
currence of clotting of centnfuged plasma m glass tubes does not pro- 
vide absolute proof that the effect of glass surface is not mediated 
through the platelets, since it is never possible to prove that platelets 
have been completely removed 

If the dot-promoting effect of glass surfaces is brought about by 
platelet disruption, it seems likely that a high concentration of macer- 
ated platelets would be veiy effective m accelerating coagulation On 
the other hand increasing the area of the glass surface m contact with 
severely platelet-defiaent plasma would be expected to have relatively 

® Thrombin, Upjohn Company 
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little dot accelerating effect This, however, was not the case Increas- 
ing the glass surface area was much more effective in reduang the 
clotting time of platelet-deficient plasma than was the addition of 
high concentrations of platelets which had been macerated on glass 
surfaces These observations suggest that the presence of a few remain- 
ing platelets is not concerned with the clot-promoting effect of glass 
surfaces on centrifuged plasma 

While platelets appear not to be essential for the imtiation of coagu- 
lation, they nevertheless play an important part m the clotting proc- 
ess When plasma clots on contact with glass, the rate of conversion 
of prothrombin to thrombin is directly related to the platelet concen- 
tration The dot-accelerating effect of platelets is not appreaable in 
plasma which is protected from contact with glass and similar sur- 
faces For rapid conversion of prothrombin both the surface factor 
and platelets are required 

Plasma which has been stored for relatively short penods of time 
may not dot on contact with glass This observation suggests that the 
clot-promoting effect of glass is mediated by a labile component of 
plasma Tests to determine the reactivity of plasma to glass surfaces 
evidently should be earned out while the plasma is fresh 

Platelet-free plasma is defimtely hypo-coagulable as compared to 
normal plasma In experiments to determine whether such plasma con- 
tains all of the substances necessary for spontaneous coagulation, 
optimal conditions for dotting must be provided Those investigators 
who have reported that platelet-free plasma is spontaneously incoagu- 
lable have apparently not tested their plasmas under such optunal 
conditions In the reported experiments (10, 11, 13), sub-optimal tem- 
peratures and minimal glass surface area have been employed The 
experiments described in the present paper show that if coagulation 
of platelet-deficient plasma is sufficiently delayed, the plasma does m 
fact become spontaneously incoagulable, presumably because of de- 
terioration of a plasma component 

Students of blood coagulation have for years been troubled by the 
problem of complete removal of platelets from plasma A recent report 
(10) imphes that many hours of centrifugation at high gravitational 
forces are required to remove all of the platelets from normal plasma 
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However, m the present experiments approximately 99 995% of the 
onginal number of platelets m normal blood were regularly removed 
centrifugation for only 10 minutes at about 17,500 g Furthermore, 
on direct rmcroscopic observation of the undiluted centnfuged plasma 
the few platelets remaimng were observed to settle to the surface of 
the counting chamber No evidence was found to support the behef 
that these platelets were remarkably less dense than the average 
platelets It seems hkely that these platelets were denved from the 
centnfuged sediment as a result of the shght agitation mevitably pro- 
duced by withdrawal of the supernatant plasma 
The manner in which glass surfaces promote coagulation of platelet- 
free plasma remams to be danfied It appears that on contact with 
glass, plasma undergoes a change m which effective thromboplastin 
IS made available Studies on patients with certain disorders of blood 
coagulation (S) make it seem hkely that a specific protein is present 
m normal blood as an mactive thromboplastm and is converted to an 
active form on contact with a glass surface No evidence was found 
that glass surfaces affect the final stage of coagulation 

SUMMARY 

Normal human plasma of varymg platelet concentration was pre- 
pared without anticoagulant by centnfugation of blood in sihcone- 
treated apparatus Essentially platelet-free plasma dotted relatively 
promptly after transfer to glass tubes, but m sihcone-treated tubes 
coagulabon frequently did not occur 
Increasing the glass surface area m contact with plasma shortened 
the dotting time markedly regardless of the platdet concentration 
Crushed glass was more effective m shortemng the dottmg time of 
platelet-defiaent plasma than was a suspension of macerated platelets 
The dot promoting effect of crushed glass on centnfuged plasma 
seems better explained by an alteration produced m the platelet-free 
plasma itself rather than by disruption of a few remammg platelets 
After storage for relatively short penods of tune, plasmas often faded 
to dot on addition of crushed glass 
In plasma dottmg in contact with glass, the rate of conversion of 
prothrombm was directly related to the platelet concentration 
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Condtitonal Reflexes and Neuron Orgamzatwn Jerzy Kori«oeski Cambridge 
University Press, 1948, pp 267 + XR^, IS s 

The reaction to Pavlov’s investigations by the conditional reflex method on the 
“higher nervous activitj'” has been a cunous and interestmg one For a long tune 
little attention was paid to his discovery at the turn of the century of the condi- 
tional reflex, partly on account of the language diflBculty, partly because of the 
lack of scientific mtercourse between Russia and the West ^Vhen Pavlov’s con- 
cepts reached this country they were adopted by some psvchologists as the nucleus 
of a new school of thought — Behavionsm, the chief exponent of which was John B 
Watson The overzealousness of its proponents in denymg the existence of every- 
thmg not measurable has caused this school to fall into disrepute At the present 
time the opmion m this country of Pavlov’s work ranges from an active hostility 
to Its bemg hailed as one of the greatest discoveries in the history of science There 
are many reasons wh 5 ' this work has not been actively taken up m this country 
since Watson carried out some experimentation by this method on the human being 
at the Johns Hopkms Hospital One reason is the lack of trained mvestigators, 
another is the general reluctance of physiologists to undertake the chronic expen- 
ment requiring a study period of months or even years with all the difficulties of 
mamtammg healthy annuals over their hfe span In spite of the general acceptance 
of the importance of the conditional reflex, the lack of active mvestigators m the 
field, as well as the novelty of the concepts has resulted m the failure of Medicme 
to mcorporate the data and the concepts mto physiology, neurologj’’, psjxhiatry 
or even psychology 

Komorski has w ntten a masterful criticism from a constructive pomt of view of 
the Pavlovian concepts In fact this is one of the few worthwhile evaluations that 
has been given of the Pavlovian work Komorski’s purpose is to integrate Pavlov’s 
data with that of Sherrmgton “m the hope that this work wiU do somethmg to 
bridge the gulf between their respective achievements’’ (from his dedication of the 
book) His treatise is practically essential for any serious student of Pavlovian 
Methodology He goes into detailed discussions of many of the basic Pavlovian 
concepts, showmg their relationships to Shernngton’s work on spmal reflexes With 
rare msight and with the competence of a first-class mvestigator m the field he 
has given us not only a scholarly but probably the most important evaluation we 
have of the Pavlovian work Komorski makes many suggestions as to how the 
Pavlovian concepts should be re-cast to fit better with Shernngton’s matenal 
Espeaal credit is due Komorski for having composed this book in the wake of 
the destmction of his native land (Poland) as well as of his owm laboratory 

WHO 
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By Mary Everist Kramer, ERNrsT A W Sheppard A>ro Lou- 
isa Wells-Kramer 475 pp $8 00 The C V Mosby Co , St Louis, 1949 
This book has been written as a textbook for orthoptic students and as a refer- 
ence book for graduate orthoptic technicians It fulfills both of these functions i\ell 
The entire problem of orthoptics has been considered both from the clinical stand- 
point and also from the point of view of the basic sciences There has been a care- 
ful selection of material so that all of the phases of orthoptic work are discussed 
The style of writing is clear and concise, and the book is easy to read The ques- 
tions at the end of each chapter should prove a great help to the orthoptic student 
in systematically reviewing the topics covered As a whole the illustrations are 
excellent, but some of the sketches in Chapters 1 and 2 are unnecessarily diagram 
matic Each chapter of the book contains an excellent list of references where the 
student can obtain more detailed information 

There has been a great need for such a book on orthoptics written expressly for 
the orthoptic technician 

W C 0 


Campbell’s Operative Orthopedics By J S Speed and Hugh Smith, Second edition, 
1643 pp $30 00 2 Volumes, C V Mosby Co , Publishers, 1949 

The second edition of Campbell’s Operative Orthopedics, like the first edition, 
is an excellent compendium of operative procedures used m orthopedic surgery 
For the student, interne and resident, the value of such a compendium is obvious 
For the specialist, it is important that a good publication of this type be available 
In a field m which there appear m rapid succession new operations and new tech 
niques, it becomes necessary to have a satisfactory reference book The present 
edition constitutes an up-to-date presentation which is particularly valuable be- 
cause the procedures enumerated are credited to those who described them and the 
original articles are listed for reference 

There are many improvements in the new edition The material presented is 
brought abreast of the current time, with the result that there is much more printed 
matter Since this is bound in two volumes, the handling of a single large cumber- 
some book IS avoided 

Many new and excellent illustrations have been added, and on some special 
subjects, new chapters have been included Several sections have been written by 
men who are particularly well qualified and some of these sections are very well 
done But the greatest change is probably in the literary form Instead of the com- 
pact, almost laconic, style used m the earlier edition, there is a fluency that makes 
the text more readable Furthermore, the authors make the presentation a more 
personal one bv discussing their own experiences with some of the procedures 
described and the reader profits by their carefully considered, as well as extensive, 
observations 

I W N 
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Fulidamciilals of Internal Mcdtcinc — 3rd Edition By Wallace jM Yater 1451 pp 
$12 00 Appleton- Centurv Crofts, Inc , New York 

MTiat IS the purpose of a one volume textbook of medicine? In Dr Yater’s view , 
It should “make readilv a\ ailable m simple form the essentials of internal 
medicine” in accordance wnth the concept of “simplification and conaseness with 
elunmation of theoretical and redundant matenal ” To this end, Dr Yater and 
his associates have written a w eU-integrated, readable book, emphasizing clmical 
descnptions and the essentials of therapy Many clear tables and illustrations are 
mcluded, and the physical format of this \olume is pleasing to the eye Little 
space IS spent on the mechanisms of the production of symptoms, nor on the prob- 
lems of etiology and pathogenesis These are frequently dismissed with a few short 
sentences which fail to introduce the student to the many unsolved problems m 
mtemal medicme Moreover, these didactic synopses are frequently' misleadmg 
For example, hemophilia is said to be assoaated with “an increased resistance of 
blood platelets to disintegration”, a view far from unn ersally shared Nor is the 
life span of the normal red blood cell thought to be 2 to 6 w eeks by most observers 
This text IS an excellent pr£cis of sy'mptoms and signs, but wdl not help the student 
to think m terms of the phy siologic mechanisms mvolved 

0 D R 

Medicine of the Year 19^9 Editorial Direction, John B Youhans, M D , Dean, 
College of Medicine, University' of Illinois 143 pp $5 00 J B Lippincotl, 
Phda , Pa 

An immediate reaction to a book which attempts to give the “spot news of 
medicme”, which attempts to furnish the “latest buUetms that mdicate the direc- 
tion in which any phase of medicme is gomg at the moment”, is for man\ reasons 
not particularly favorable Perhaps it is that one recognizes the inherent difiBculty' 
of evaluatmg advances within the year m which they' amve Yet, after readmg 
through “Medicine of the Year”, one is forced to the conclusion that the authors 
and particularly the editor, have done an excellent ]ob So di\ erse is the matenal 
that It IS, of course, not possible for one person to adequately evaluate the different 
contnbutions to internal medicme, obstetnes, pediatrics and surgery with all of 
Its specialized branches How e\ er, within the himts of this review effs know ledge, 
whenever data presented is debatable the authors ha\e so indicated, whenever 
questions are unsettled there has been no attempt to force them into a mold of 
decision At the same time, recent clear-cut advances are presented concisely and 
factually' The recent evaluation of antibiotics is carefully covered throughout, 
without any' mistakes being apparent even some time after the ongmal articles 
were apparently' wntten 

There are a few scattered rmspnnts and misspellmgs, but these are rmnimal 
It will, perhaps, be more difficult to write the issue next year when there will be 
less reason to go back a few v ears m e\ aluatmg recent progress, but certainly this 
first trv was worthwhile and the next issue will be looked forward to with mterest 

F B B 
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N idntion and Diet in Health and Disease by James S Mclester Sth edition 
800 pp $9 00 W B Saunders, Phila , Pa 
Nutrition and Diet in Health and Disease comprehensively reviews the present 
state of knowledge of this subject Dr McLester discusses the physiology of diges- 
tion, the metabolism of food, the composition of common foodstuffs, and the die- 
tetic requirements of normal adults and infants The author then describes the 
diets suitable for the treatment of disease In each case, a brief summary of knowl 
edge concerning alterations in metabolism is followed by a general discussion out 
lining suitable dietetic regimens, and the rationale for their use In many instances, 
sample menus are provided as well The text is supplemented by many tables, the 
most useful of which give the composition of foodstuffs 

This IS the fifth edition of this excellent and most readable book, and most of 
the text has been brought up to date As is almost inevitable, the revision has been 
more thorough in some sections than in others The use of rice and low salt diets 
for the treatment of hypertension is discussed and evaluated with commendable 
caution However, no mention is made of the use of detergents to facilitate m 
testmal absorption In general, the dietetic recommendations are sound In a few 
cases, however, one may take issue with the author’s point of view For example, 
a diet rich in calcium is not ordinarily believed to be of value in hemophilia, a dis 
order m which calcium metabolism is not abnormal 

Each chapter is followed by an excellent bibliography, and each section by a 
list of pertinent reviews covering the subject discussed This book can be highly 
recommended as a text useful to students, practitioners and dietitians It is un 
fortunate that many misprints are present, and the type of many of the tables and 
menus is badly blurred 

OCR 

Observations on the Pathology of Hydrocephalus (Medical Research Council — Special 
Report Series No 265) By Dorothy S Russell His Majesty’s Stationery 
OfiBce, London 1949, Price — Six shillings net, 138 pages 
This masterly monograph from the hand of Dr Dorothy Russell will need no 
mtroduction to those who know her classical article of fourteen years ago At that 
time she demonstrated the keen observation and sound reasoning which charac 
terize the present comprehensive report on hydrocephalus She draws on a wealth 
of morbid anatomical material in exemplifying the categories of her classification 
The latter is based on the pathological lesions responsible for the obstruction in 
the cerebrospinal pathway Indeed, the most important conclusion she draws from 
her detailed studies is that in every case of hydrocephalus some such form of ob 
struction can be demonstrated if careful search is made 

Amongst the types of maldevelopment productive of hydrocephalus, the author 
stresses the forking atresias and webs of the aqueduct, and the membranes about 
the fourth ventricle She reiterates her evidence against the traction hypotheses 
in the causation of the Arnold-Chiari malformation Her examples of the mecti 
anisms of obstruction associated with neoplasms are well chosen 
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It IS in the consideration of the more obscure forms of hydrocephalus, howev er, 
that the thoroughness of her survej seems most impressive It lends great strength 
to the vieu- that the %ast majority of cases rest on an inflammatory basis This 
ma> follou the ettravasation of blood or be an msidiously-dev eloping sequel to 
actual infection The common sites of such lesions, often found onlv bj careful 
search, are descnbed The implications of this discussion of inflammatorj causation 
vriU be clear to everjone dealmg with the child or adult patient A mmor quer\ in 
regard to the validit 3 ’ of the author’s distmction between developmental and ac- 
quired aqueductal atresia does not detract from this 

In summary, this monograph is strongly recommended to aU, and its author 
warmly congratulated The quality of the illustrations is m Leepmg with the sub- 
ject matenal 

J W M 

Studies on Bookworm Disease tn Szeclnvan Province, West China By K Chang 
ANT) co-tv ORKERs American Journal of Hygiene Monographic Senes no 19, 
Maj 1949 Johns Hopkins Press pp 152, $3 00 
There is a prevalent tendency on the part of the educated physician and lay- 
man to believe that the battles against some of the common scourges of mankind 
have been won The campaigns against hookworm in this country, successful as 
they were, should not bhnd us to the fact that in great areas of the world this 
simple preventable disease remams one of the most important A clear example of 
this situation is presented by Dr Chang and his collaborators who report on the 
prevalence of hookworm m West Chma — ^in the provmce surrounding the former 
capital, Chungkmg Given a sandj' soil, a moderate temperature without extremes, 
a sufficient moisture and habits of a people which allow for a constant contact 
between human feces and the bare skm of man — and hookworm becomes a major 
problem Such is the case in the com-sweet potato regions of Szechwan, where the 
incidence of positive stools approaches 100% Much more important, as was re- 
alized years ago by the Rockefeller Foundation workers, is the parasite load of 
the commumtj It is more important to know if a number of people are canymg 
heavy loads of parasites, than it is to know how many of them are mfected In 
certain areas of this province, well over 50% of the population earned more than 
3000 hookworm eggs per cc stool The exact importance of this is of course difficult 
to assess, for the combmation of heavy infection plus a poor diet is the usual com- 
bination However, roughlv, 10% had geophagia, and the hookworm load was 
directlv correlated with the percent of hemoglobin, which was often very low 
The vanable effects of slight differences m horticultural practices is brought 
out bv a difference in the problem of hookworm infection m Eastern Chma, where 
some twentv' years ago Dr Cort and collaborators demonstrated that the cultiva- 
tion of mulbeny trees was associated wnth a high madence of hookworm In con- 
trast in Szechwan, the disease is not particularly senous m mulberrv areas This is 
because, in the latter, mulbeny trees are scattered m different fields, are not 
inundated with night soil in the same wav , and because the trees are allowed to 
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grow This latter means that the leaves have to be picked by climbing a ladder 
In Eastern China, the opposite of all of these conditions leads to a severe hookworm 
problem 

To make the report living the authors have given a number of case his 
tones “Li, by name, male, a farmer, aged 26, came to our field clinic on 
August 19th, 1941, for the treatment of Lan Hwang Ptng 0azy yellow dis- 
ease) The patient was very weak, extremely anemic, exceedingly pale, ex- 
pressionless, the voice was low, he breathed with difficulty but was mentally 
clear He was exceedingly edematous all over the body, there was extreme 
edema of the lower extremities, his legs were very puffy and heavy and he 
could not walk with ease The scrotum and tip of the penis were 
also extremely edematous Fecal examination showed the following Pro 
tozoa, negative, Ascaris, negative, Trichuris, 300 eggs per cc , hookworm, 
45,400 eggs per cc of feces (three counts were made and averaged) A total 
of 637 worms, of which 602 were Ancjdostoma duodenale and 35 were Ne 
cator amencanus, were collected from the patient His hemoglobin was only 
10 %” 

This IS a good, well-illustrated and worthwile monograph which should be at 
least perused by all who are actively interested in the health of the world 

F B B 

The New York Academy of Medtctne Its First Hundred Yeais Philip van Ingen, 
M D 573 pp $10 00 Columbia University Press, Morningside Heights, New 
York 

This IS an interesting and amusing chronicle of tlie meetings and doings of the 
“fellows” of the New York Academy of Medicine It does not pretend to be his 
tory in the broad sense, and one may search in vain for information about some of 
the famous medical men of New York beyond that which has a direct beanng 
upon their activities within the Academy 

Yet along with the amusing anecdotes and disagreements as to who should be 
censured for “seeking the advice and consulting with a homeopath”, there is real 
information concerning the opinion of a body of the leading medical men at a 
particular time The Academy was founded at the turn of the centurj^ It was also 
at this time that Shattuck wrote his famous report on sanitary conditions in Boston 
and John Snow m England was just beginnmg to write about the contagiousness 
of cholera Thus it is of interest to read about the discussions on cholera in the 
year 1849 “The year might well be called the cholera year” for little else was dis- 
cussed in the months of February. March, and April 

Dr Stewart stated that m connection with the origin and mode of propagation 
of the disease and particularly with that form of it which prevailed at the Quaran^ 
tine at Staten Island, at the City of New Orleans, and in the “Western Country, 
circumstances had occurred which were not yet fully and satisfactorily explame 
He therefore moved, and it was resolved, “that it is premature and inexpedient 
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for this Academ} to pronounce at the present time an> positi\ e opinion in regard 
to the contagious or non-contagious nature of cholera ” 

Howexer, m 1866 Dr Harris, an expenenced health authont\, reported on 
“Samtarj Police Measures 2 ” He insisted that cholera was spread through the 
diarrhocal discharges of patients, that disinfection was a simple matter, and ngid 
regulations should be enforced to dismfect permanently all ejecta, and to provide 
strictest cleanliness of person and premises, mcluding pmnes, water closets and 
cess pools If this n ere done there should be no fear or hesitanc> m carmg for the 
sick At the same time Dr Squibb reported on disinfectants, the best bemg heat 
and chlorine for the efBuina, together with lime, and a mixture of lime and char- 
coal For disinfection of cellars smoke from green wood was best 

The Academy was founded in 1846 with several objects m \’iew “First, the 
separation of the regular from irregular practiaoners Second, the association of 
the profession proper Third, the promotion of the character, interests and honor 
of the fraternity, etc , and fourth, the cultivation and advancement of the saence, 
by our united exertions for mutual improvement and our contnbutions to medical 
literature ” 

Since this book is more a chromcle of the meetings, it is not always eas> from 
this record alone to see to what extent the Academ> has attamed each one of those 
goals Admittedly the importance of the different points has changed At anv 
rate, the book makes for enjoiable reading 


F B B 
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The senes of investigations to be reported here and in succeeding 
papers is chiefly concerned mth the exchange of gases between the 
alveolar atmosphere and the ambient air and with the pathological 
conditions affecting it The frequency wnth which tins phase of respira- 
torj'^ function is primarily affected by common pathological conditions 
and the general lack of information on the subject have been the stim- 
ulus for undertaking this work 

RESPIRATORY MECHANICS 

The physical characteristics of the flow of air through the respiratory 
tract may be looked upon as reflections of the physiological apparatus 
produemg and controlling tlus flow 

Air moves in or out of the lungs because of the existence of a pressure 
gradient between the lungs and atmosphere The velocity of this flow 
IS deterimned by the relationship between this pressure gradient and 
the resistance of the tract through which the air passes This pressure 
gradient is ordinarily produced by the movements of the diaphragm 
and the thoracic cage (the force of these movements transmitted to 
the lungs through the pleural fluid) The elasticity of the lungs and 
thoracic v all and the intra-abdominal pressure add to or detract from 
tlie force of these movements The movement of blood within the 
tliorax or abdomen and the viscosity and inertia of the structures con- 
tained therein resist the forces exerted by the diaphragm, the mter- 
costal muscles, and the elastic fibers of all of the involved structures 

* Work done with the cooperation of Dr Ross AIcLean and the Respiratorj 
Laboraton of tlic Department of Aledianc of the Johns Hopkins Aledical School, 
and the technical assistance of Man-^ Lmdennan 

This vork has been supported bv Grants in Aid from the U S Public Health 
Semce 
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The resistance to air flow offered by the respiratory tract is a func- 
tion of the length, shape, a'lid 'cross sectional' area' of the conducting 
tubes (1) (in part determined by the .surrounding musculature, the 
thitkness of the lining mucous membrane and the fluid Imma the 
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Figure 1 Forces involved in the dynamics of respiration^ Note change m 
direction of force of chest elasticity at' about 70% of vital capacity, Rahn etal ’ 
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tubes) One might think that this resistance would, be .greater during 
expiration when the bronchial lumen is smaller,' but thei decreasing 
length of the bronchi which occurs simultaneously mamtains a con- 
stant resistance during the entire respiratory cycle These changes m 
the, bronchi are easily observed during bronchoscopy and have been 
studied by other methods (2) The viscosity of the respired gases also 
plays a part in the resistance to their flow (Fig I) ' ' ' * 

The forces brought into play by the muscles involved, and the 
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rhythm, -at -wbuch they function are determined by a multitude of 
physiological controls including the autonomic nerve endmgs i\nthm 
the respiratoiy tract and elsewhere, the pressure m fhe carofad arterj 
at the level of the carotid sinus, the O 2 and CO. tensions in the artenal 
blood, and other more or less well'understood controlling factors 

’ - ” TABLE I 


Age dtslnlnflton of subjuts studied 


1 

^OfiUALS 

TOTAL 

Birth to 24 hours 

. _ 3 

4 

25 hours to 30 da>'S 

9 

11 

31 daj’s to 60 dajs 

61 dajs to 6 months . 

5 

2 

6 

7 months to 1 j ear ^ 

1 

3 

13 months, to 2 } ears 

2 

2 

25 months to 9 j ears , 

2 

12 

10 i ears to 14 j ears 


7 

15-> ears to 20 3 cars ‘ 

3 

' 6 

21 V ears to 30 years - > ' 

19 

24 

31 jears to 40 jears 

13 

' 22 

41 >ears to 50 jears 

3’ 

- 10 

51 J cars to 60 J ears i 

1 

- 6 ' 

61 jears to 70 jears ‘ 


4 

'Totals 

61 
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THE PNEUMOTACHOGRAJI 

The pneumotachogram is the record obtained when one continuously 
measures (usually by a pressure gradient) the velocity of air flow, at 
the mouth or nose, during respiration, as a function of time 1 
Since 1925 whemFleish (3) first 'constructed 'a device for the con- 
tinuous recording of the velocity of flow of respired air as a function of 
time, numerous in\ estigators have attempted to analyse the pneu- 
motachogram Bretschger (4), Hartwich (5), Hamada (6), Rumpf (7) 
Gukelberger (8), Sflyerman (9,~10, 1 l)j Kay (12), Cain (13), and many 
others have attempted to devise a means of usmg it to interpret the 
sigmficance of pathological conditions mvofving the respiratorj^ tract 
This report and those to follow compnse a study of 1 19 individuals 
61 normal persons and 58 patients with pulmonaiy' disease The age 
distribution is shown m Table I 








SINGLE MONEL MESH SCREEN 



DOUBLE FOR USE DURING 
BRONCHOSPIROMETRY 

Figure II Diagram of apparatus Pneumotachometers have been calibrated 
with Schutte Koertmg Rotameters Dead space of apparatus is 69 cc Responses to 
sudden pressure changes equal to those obtamed in the studies reported occur in 
0 Oi seconds 
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I ifiiirc II illiislntcb the dpjDaratus now in use, the one used in most 
of the studies herein reported In certain special experiments and in 
llie earlier work '-omewhat difTcrent pneumotachometers were used 


\i 
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\ III 
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\ii 
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I I 
I I 

1 ID] 

I I( 1 
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\ nil 
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\ III I 
\ III \ 
\ii)i 
\< 1 1 
\i 1 1 
\i 1 1 
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I I 

\ Mil 
\ nil 
\ MI I 
\ III 1 


I \ni 1 II 

\omciicliilurc for aital\sis of pitc>imo!iichot;r,jm 

Zero \c!ncil\ juiil before inipirilinii 
Zero \cIocil\ juil before e\j)int ion 

I iril point in in<i|iirition when selociU incrci<:L in succeeding 0 I 

seconds IS less tinn ' \tlocit\ incrense in the preceding 0 1 seconds 

I’oinl It mIucIi eelocite decreise in succeeding 0 I second is more 

thin twice tint in the preceding 0 I second 

Point ot highest eclocite during expintion 

I line from point Vi to \ i for next c\ cle 

Tune from point Vi to \i 

Time from point Vr to Vi for next c\ cle 

Time rtf|Uired to reich Viu from Vi 

T ime required to reich Yci from Vi 

1 line required to reich Vi i from Vr 

Peik inspinton xelocitx 

Pcik expinton xelocitx (simeasVEi) 

I’eik inspiritorx xelocitx during miximuni effort 
Peik expiritorx xelocitx during mixtmum effort 

Peik inspiritorx xelocitx — ixcngc xeloeitx for inspiration 

Pe ik expiritorx xelocitx — ixcngc xelocitx for expintion 

Slojit of line from Vi to Vpi expressed is ecs per (0 1 sec ) 

Slope of line from \ ci to \ r expressed is ecs per (0 I sec I" 

Slope of line from \ r to \ n exfircsscd is ecs per (0 1 see ) 

Slope of line from \ 1 1 to \ i expressed as ccs [ler (0 1 sec ) 

Totil cxele time — insiuritorx time 

Insprntorx mixinium effort peik xelocitx — resting insjuratorx 
pe ik xelocitx 

I xpintorx nnxinnim effort peik xelocitx — resting expiritorx 
peik xelocitx 


I iiL j)rt satire drops htixc xaricd from the highest of 0 03 to the lowest 
ol 0 (K)7 ems II-O per 1 liter per minute flow 

In order to discuss the pneumotachogram it is necessarx to use an 
mtelluiililc nomenclature The one uiicd m this paper with appropriate 
detinitions is to he found in I able 11 




Figure III-A Sixteen consecutive cycles, superimposed, on one normal subject 
B Mean of the above sixteen cycles 

C Record of one cycle Time lines 0 01 seconds (In all other records time lines 
represent 0 1 second) Inspiration above zero line 


Comparison of consecutive cycles or cycles taken on different days 
from records on any single subject impresses one with the consistency 
with which an individual pattern is reproduced (Fig III) 

That different individuals have widely differing patterns is easily 
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seen when one tncs to superimpose anj subject’s pattern on that of 
another subject (Fig IV) 

If one attempts to imitate the pattern of another subject he readilj 
sees tliat these patterns are eitlier the result of deeply seated habit 
or of reiatnely stable charactenstics of the indmdual respirator} 
system 



Figvre IV Supcrimposition of c\des from fi\c normal subjects 
AKAL\SIS OF TIFE PN'EUMOTACnOGRAM 

Certain conclusions, founded on a pnon reasoning and borne out 
b} experimental obser% ations, ma} be drawn from consideration of 
the subject whose mean pncumotachogram is shown in figure III 

/ Action of the tnsp.ratory musculature 

Ihe initial nse to peak \elocit} Ajdp represents the movement of 
the diaphragm supplemented b} beginning movement of the chest 
wall Records taken while raechanicallv limiting the motion of the 
abdomen show a partial elimination of the point Vdp and a change 
in the initial nsing line to approach one such as Aicp (Fig 
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The point Vcp represents the peak action of the intercostals sup- 
plemented by continuing but slowing motion of the diaphragm When 
the movement ot the chest wall is mechanically limited the pattern 
approaches that one might see m Amp and (Figure V) 

2 Tra/nsition front tnsptrcthon to expiration 

Inspiratory effort is terminated rather suddenly as seen by the slope 
Acpe In studying the pneumotachogram it is important to realize 



Figure V Effects of mechanical limitation of abdomen and chest 

that at the point Ve air has just ceased to move into the lungs and is 
just beginning to move out The action of the inspiratory muscles 
probably begins to be inhibited shortly after the point Vcp but it is 
likely that all inspiratory effort is not stopped until shortly after Ve 
T he reversal in direction of flow occurs when the elastic forces exceed 
the subsiding force of inspiratory effort 
Under ordinary conditions the sharp slope of the line crossing zero 
at Ve is indicative of the fact that the termination of inspiratory ef- 
fort IS a relatively rapid procedure This phenomenon may be com- 
pared to the archer drawing a bow string He draws the bow string 
back, at first rapidly, then more slowly When it is all the way back, 
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vath excellent muscular coordmatioa the archer pauses for a moment 
to take aun It ts exactly this pause which is ordinanh lackmg m 
respiration The bow is drawn and released automatically at a given 
pomt of tension by a neat tagger mechanism sometimes spoken of as 
the Henng-Breuer reflex 

J Action of lung elastiaty in expiration 

Smce the contmumg force of mspiratory ettort beyond the pomt 
Ve is probabh neghgible and smce expiration involves no muscular 
actmty the slope Aeep results from the simple opposition of the foUow- 
mg forces 

Resisiunce to airflo-v ard re- Elasac teoscn. at gi-ren degree o* 

sistance to thonac and abdominal mSaUon, 

tissue distomoa 

The peak i eloaty 1'ep is a measure of lung elastiaty when consid- 
ered m comuncPon with 

a The pressure gradient assoaated with such a flow velocitx* m the 
mdmdual 

b The \olume of inflation of the lungs beyond the restmg pomt 
of the chest 

c The resistance offered by other mscous and mertia forces 

The slope -A-epi is a measure of the decrease m flow veloaty con- 
comitant with the change m lung elastiaty with decreasmg volume 
The fact that fall m \ eloata along this line is almost linear m respect 
to tune mdicates that expiration is termmated at the resting x'olume 
of the chest (the pomt at which lung elastiaty and chest elastiata 
are balanced") 

-A demonstration of the effect of elastiaty on the pneumotachogram 
IS accomplished by two simple experiments When a subiect mcreases 
his inspiratorx' lolume there is a correspondmg mcrease m the height 
of the pomt \ ep and a sharper slope to Aeep m the ensmng expiration 
(Fig ^T-A) When the subject stops at the end of a normal expiration 
and breathes out an additional tidal volume, then relaxes for inspira- 
tion (allowmg chest elastiata to restore the thorax to its restms posi- 
tion) one readily sees the mspiratory pattern assummg the shape of 
the normal expiratoiy' pattern (Fig AT-B) 
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Twenty of the normal adult subjects (52%) had patterns similar 
to that shown m Figure III In nine (24%) the patterns were quite 




B 

Figure VI -A Increasing inspiratory rolumes beginning at 1 2, I, &. 4 expira 
tory peaks following larger inspirations, a return to normal 

Fiox'Er VI B Breathing below resting point of chest 2, compared to normal 
pneumotachogram on same subject 1 

Similar except for the termination of expiration In these subjects the 
slope Aepi is terminated by an almost vertical line going from flows 
of 5-20 liters per minute to zero m 0 1 seconds (Fig VII-A) This 
probably signifies either a failure to obtain a true resting record, or an 
habitual breathing at a volume slightly above the normal resting 
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point of the chest The remaining nine subjects (24%) sho\^ a very 
different pattern in uhich there are no sudden changes m velocity 
(note the slow cross-over at Ve) peaks are relatively lo^^ and expira- 



Figure Second tipe of normal pneumotachogram 

B Third pe of norrmi pneumotachogram 


tion and inspiration more closelj resemble one another (Tig VTI-B) 
The significance of this t)Tpe of pattern has not been determined 
Xo normals in this series ha\e consistent!} had post-lnsplrator^ 
pauses (periods of zero flou of appreciable length), but several have 
had post-evpiratory pauses These appear as a perfectly flat Ime on 
zero for 0 1 to 0 4 seconds at the end of expiration, or a zero line punc- 
tuated b} a brief expirator}^ or inspirator} puff of Ion x elocit} 




Figure VIII-A Before pregnancy 
B During seventh month of pregnancy 


Hyperventilation will produce a post expiratory pause in a normal 
subject not ordinarily having one It is conceivable that when it occurs 
regularly the subject is one who, in one sense of the word, chronically 
hyperventilates 

In figure IX-A is shown a record taken on a normal 24 hour old in- 
fant The peak flows are between 2 and 3 liters per minute , tidal volume 
IS a little over 10 ccs, respiratory rate is a little over 40 The infant 
patterns, (much more widely varied in shape than the adult), at times 
are quite repetitive Figure IX-B shows a record taken at the beginning 
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of a crying spell in a 16 day old premature infant (ISOO grams at birth) 
Other studies of infants and children will be reported in a later paper 
The effects of position sleep, exercise, etc have not as yet been 
adequately explored Pneumotachograms taken under such circum- 
stances on one normal subject are illustrated in Figure X 



> 

B 


Figure IX-A Normal 24 hour infant 
B Crying spell in 16 daj'- old premature infant 

QUANTITATII'E ANALYSIS 

An attempt has been made to submit the pneumotachograms studied 
to various forms of quantitative analysis Bretschger’s (4) division 
of all patterns into three groups according to their approach to the 
shape of a dome, plateau, or triangle seems to be unsatisfactor}'^ The 
majority of the patterns in this stud}'- fit only very roughly into such 
categories Gukelberger’s (8) suggestion that the rates of acceleration 
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Figurf X Pneumotachograms during a sitting, b standing, c lying supine, 
d lying prone, e during moderate exercise of legs, f after sea ere exercise 

Zero passes along top of record in a, in all others it passes through center o 
record line In c, d, e &. f zero line is dotted 


and deceleration be studied is useful but does not consider other sig- 
nificant characteristics The same objections hold for the methods of 


analysis used by Silverman and others 

Studies of the subjects herein reported include measurements 


of 
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acceleration, ■velocit}’’ and tune relationships at yanous points dunng 
the cycle 

Patterns which seem quite similar m shape, yhen submitted to such 
methods of quantitatiie analysis jneld widelj differing figures Pat. 
terns in patients with pulmonary disease (to be reported in a forth. 


TABLE m 

Quanttlaltre analysts of pneamotachogr ams 
(For definitions see Table 11) 


1 

A^TRACE 

NORUAt, 

1 

SORifAI. SASCE 

1 

RA^CE IV 
PpLXfOSAEV 
DISEASE 

(Hpts) 

VUlCBEJt 
WTTE PDt- 
aiONAE\ 
DISEASE 

ooTSiDE oy 

^08itAI. 

JtA^C;E 

Tk/Ti 

2 22 

1 57- 2 90 

2 07- 3 33 

2 

Aeep* 

12 00 

1 43-45 30 

2 30-48 00 

1 

Amp* 

20 00 

4 00-72 00 

2 50-97 00 

5 

Vnipt 

35 00 

13 00-78 00 

— 

— 

VnEpf 

29 00 

6 00-67 00 

— 

— 

Vrip 

1 29 

0 73- 2 33 

0 73-2 27 

0 

Vrep 





Vrip 





Vria 

1 55 

1 27- 1 86 

1 18- 2 85 

8 

Vrep 

1 70 

1 15- 2 88 ; 

1 17- 2 50 

0 

Vrea 


i 



Vmip 

5 00 

2 SO- 7 55 

I 25- 6 15 

7 

Vrip 





Vmep 

6 33 

1 40-13 30 

1 18- 4 25 

2 

Vrep 

1 





* CCS per (0 1 second)’ 
t Liters per minute 


coming paper), with obvious variations from the normal configuration, 
break down mto figures which often he m the range of normal and, 
e\en in extreme instances, are not significantly different from those 
obtamed from the normals As examples some of the figures obtained 
are listed m Table III 

Possible explanations for the failure of such an analysis to yield 
significant similarities or differences may he in the following hj’poth- 
eses 
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1 The records studied may not represent true resting pneumotadio- 

2 The methods of quantitative analysis may, not include tlie funda- 

mental characteristics of the pattern Perhaps an>analysis of the total 
shape of the curve js required*, i' i, i >, i ,i , , 

3 Some supposedly normal subjects may not have completely nor- 
mal respiratory systems or respiratory habits 

4 The pneumotachogram may not be a consistently reliable method 

for study ' ' 

5 As m other studies of respiratory function the most useful inter- 
pretations may be made by correlatmg the findings in a variety of 
functional tests A comparison of function when the subject is at rest 
with the subject during maximum effort, may be especially useful 

MAXIMUM EPrORT PNEUMOTACHOGRAM ‘ ) 

In an attempt to explore the last of these hypotheses several methods 
of analysing maximum effort have been tried Heretofore such studies 
have been largely confined to the performance of the standard “max- 
imum breathing capacity’' test the attempt to produce, against low 
resistance, maximum ventilation of the lungs over a period of twenty 
seconds expressed m terms of liters per minute 

When one attempts to concentrate maximum effort on one expira- 
tion or inspiration, peak flows of over 250 liters per minute can be 
reached m 0 1 second on expiration and a little below 200 liters per 
minute m 0 23 seconds on inspiration The slope of the ex-piratory 
line IS almost perfectly straight whereas the inspiratory slope curves 
sharply at the top (Fig XI) , , 

If no other limiting factors were involved, such a subject should be 
able to perform a maximum breathing capacity with a cycle of 0 33 
seconds regardless of the tidal volurfie Resulting 'Actually in this sub- 
ject when' the Cycle length' was 0 33 Seconds* during such’ a test'the tidal 
fell below 200 ccs and' the ventilation was well below half the maxi- 
mum breathing capacity for the. individual • ‘ 

When tidal volumes, during maximum brealthing ’'ckpacity- tests 
are charted a^gainst the length of the cycle a straight line relationship 
is' found, but this line 'does' not ‘pass 'through zero ' Instead 'it crosses 
the time line at about 0 13 seconds (Figure XII-A) Approximately 
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TIME IN 001 SECONDS 

Figure XI Chart of single maximum efforts, expiratory and mspuratory 



Figure XH-A A chart of tidal \ olume against c> de length durmg performance 
of maximum breathmg capaatj tests 

B hlaximum breathing capaaU charted against cyde length. 
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this amount of time seems to be required for the neuromuscular 
apparatus to stop motion in one direction and start motion in the 
other (14) 

If maximum breathmg capacity is charted against length of cycle 
one finds a sharp rise in ventilation with increasing length of cycle 
until about 0 6 seconds is reached (Figure XII-B) At about this point 
the hne breaks and mcrease of ventilation is much less with each in- 
crease in cycle length The highest maximum breathing capacity in 
this normal subject was obtamed with a cycle of 2 2 seconds Ordinarily 
peak flows can only be maintained for about 0 7 seconds in inspiration 
and 1 0 seconds m expiration 
These figures may be restated as follows 
Length of cycle for maximum breathing capacity m this normal should 
equal 

0 1 seconds time to reach peak expiratory flow 
0 23 seconds time to reach peak inspiratory flow 
0 13 seconds time to change direction at the end of inspiration 
0 13 seconds time to change direction at the end of expiration 

0 59 seconds 

But one must also consider the facts that, on the one hand, the mere 
change m direction of flow means waste time, and, on the other hand, 
peak flows can only be maintained for certain intervals Therefore 
we add to 

0 59 seconds 

1 0 seconds maintenance expiratory peak 
0 7 seconds maintenance inspiratory peak 

2 29 seconds 

It will be readily seen that these theoretical considerations have led 
to the first value of 0 59 seconds which coinades with the break in the 
curve m figure XII-B and 2 29 seconds which is very near the cycle 
length actually employed by this subject durmg his most successful 
effort 

Many poorly controlled factors enter into the ordinary test for 
maximum breathing capacity the resistance of the apparatus, the sub- 
ject’s w illin gness to cooperate his cleverness of performance, the tend- 
ency to choke and cough, etc It seems reasonable to suggest that a 
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better understanding of the information sought could be obtained bj 
the study of the maximum effort pneumotachogram and aheolar 
pressures 

The ability of the subject to reach peak \elocities, tlie pressure gra- 
dients associated mth such x^elocities, and other physical factors con- 
trolling the subject’s ability to produce high rates of xentilation 
should all be studied for a more complete understanding of his \ entila- 
torj' reserv'e 

In the normal subject maximum effort pneumotachograms con- 
sistently reveal rapid rates of acceleration and deceleration at the 
beginning and end of inspiration and expiration a triangular pattern 
ulien the emphasis is placed on rapidity, and a nearly rectangular one 
w hen the emphasis is on depth (Figure XIII) 

Peaks reached during maximum effort tend to be much higher than 
those reached m quiet breathing On the average among the nor- 
mal subjects studied maximum inspiratory peaks were slightly o\er 
five tunes as great as resting inspirator}' peaks hereas maximum ex- 
pirator}' peaks vere veU o\er six times higher than resting ex-piratory 
peaks 

On tlic a^erage the ratio between restmg inspiratory peaks and ex- 
piratory peaks was Vnip/\'’REP = 1 29 

ADDED RESIST XNCE TO BREATHING 

^Measurement of ah eolar-atmosphere pressure gradients is of great 
importance m e\aluatmg the role of resistance to the flow of air m 
respiration Such measurements haxe been made on all of the subjects 
studied m the manner reported b} Otis and Proctor (15) The method 
IS based on that first used by Vuilleumier (16) the principle of which 
(along WTth a sample record) is shown m figure XIV 

The simplest example of added resistance to breathing is the change 
from mouth to nasal breathing In the normal subject such a change 
can add sufficient resistance to produce aheolar pressure gradients 
as much as fi\ e times greater than those m mouth breathing 

Studies of the effect of added resistance to breathing haxe been so 
far confined to one normal subject The lowest resistance used, 0 1 
ems H 2 O per liter per minute flow, is comparable to the resistance of 
nasal breatlung Other added resistances produced pressure drops 
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of 0 15, 0 36, and 0 5 cms H 2 O per liter per minute flow These were 
all compared to the resistance of the pneumotachometer of 0 01 cms 


“1 



H^O per liter per minute flow (Figure 
the subject felt that respiration was 


XV-A) Records were taken when 
quiet (usually about 30 seconds 




Figike XI\ rnncipk of meisurtmcnt of the alveolar pressure gradient 1 j\ 
method 01 \uillcumicr and record uilh nncurnotacho5,ram 

\ Sudden ob-truction to air ilou at the mouth result'- m rapid equalisation ot 
prc'-'Ure throughout the rcspiratorv tract 

The large aheolar \olumc in compan':on to dead =pacc tolume cau-cs this 
cqualiseal pressure to clo=cl\ approvimate aheolar prc'=ure at moment of intcrrup 
tion 

P\ (equalized pressure and total resDiratorv \olumc) = PA i -r P-^ — P \ — 

etc. 

B -Me eolar pressure record (abo% e) and pneumotachogram (belo ) 
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after starting to breathe through the apparatus) The highest resist- 
ance was sufficient to cause definite discomfort to the subject who was 
seated and at rest 

It will be noticed that the lowest resistance added alters only slightly 
the normal respiratory pattern whereas the additional resistances 
produce patterns with an almost rectangular wa\e, expiration being 
\ery similar m appearance to inspiration In conjunction wath this the 
subject noted a necessity for emplo 3 nng the respiratory muscles in 
expiration as well as in inspiration and.a conscious desire to end each 
phase of each cycle and begin the next 

With the highest resistance tidal volume is higher by 14%, respira- 
tor)’’ rate more rapid by 40% and the proportion of the cj'cle spent on 
expiration is less in companion to the no resistance pattern by 10% 
(Tidal volumes wathout the resistance were about 500 ccs ) The lesser 
degrees of resistance showed tidais smaller, respiratory rates only 
slightly higher and proportion of time spent on expiration shghtly 
higher than normal 

The alveolar pressure gradients accompanying these resistances are 
shown in Figure XV-B It would seem that, when resistances are such 
as to maease the alveolar pressure gradient by a factor of five or less, 
relatively little change in respiratory activity occurs An increase by 
a factor of ten or more produces changes involving mcrease in mmute 
ventilation and almost completely active expiration 

Of greater practical importance is the radical curtailment m the 
ability of the individual to produce increases in ventilation with maxi- 
mum effort (Figure XVI) 

Many aspects of this subject have been explored by Silverman (17, 
18) and more recently by Cain (13) 

In 1946 Rahn ctal (19) studied the pressure volume diagram of the 
chest This work has been repeated using the pneumotachogram for 

FiGmEXt-4 Pneumotachograms on nonnal subject 

1 Added resistance of pneumotachometer alone (0 01 ems HjO per 1 Lit/Min 
flow) 

2 Added resistance of 0 1 ems H O per 1 Lit/Min flow 

3 Added resistance of 0 15 ans HzO per 1 Lit/Min flow 

4 Added resistance of 0 36 ems HO per 1 Lit/Mm flow 

5 Added resistance oi 0 5 ems HO per 1 Lit/Mm flow 

B Corresponding al\ eolar pressure gradients 
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volume measurements and peak flows after release of obstruction, and 
the alveolar pressure interrupter for relaxation pressures The subject 
would breath m or out any given quantity of air and then be obstructed 
He would relax against the obstruction which would then be suddenly 



Figure XVI Maximum effort pneumotachograms under circumstances of 
resistance listed in Figure XV-A, 1,2, 3, 4, 5 


removed In Figure XVII are shown the figures obtained and charted 
across them is the curve obtained by Rahn et al 
The pneumotachogram can also be employed m conjunction with a 
vanety of other studies as an aid m the onentation of separate measure- 
ments m respect to time (Figure XVIII-A & B) Charting the velocity 
of flow of respired air against such measurements as intrapleural pres- 
ure, volume displacement, acceleration, lung elasticity etc aids in the 
proper mterpretation of these values (20, 21) 

SUMMARY 

1 Expenmental analysis of normal pneumotachograms has sub- 
stantiated the hypothesis that portions of the respiratory pattern are 
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true reflections of the activity of the respiratory musculature, the ef- 
fectiveness of lung elasticity, and the manner m which reversal of re- 
spiratory effort IS accomphshed 



Figure XVII Pressure v olume diagram of the chest The solid line is taken from 
Rahn et al (17) 

2 Study of records taken durmg maximum respiratory effort pro- 
vides information facihtatmg a classification of the factors controlhng 
the ventilation reserve the abihty rapidly to reach high flow velocities. 
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the tune dimng which such high flow veloaties can be maintained, 
and the time required for reversal of direction of flow of air 
3 The pneumotacbogram yields information about the manner m 
which the organism adapts the respiratory apparatus to added resist- 
ance to breathmg, especially when combmed with studies of the 
alveolar-atmosphere pressure gradient 
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The histochemical observation that cartilage cells contain glj cogen 
was made almost a himdred years ago In the mtervenmg years there 
have been numerous isolated studies applymg chemical reactions to 
demonstrate other constituents m sections of cartilage and bone No 
systematic or mtegrated mvestigations have been reported, however, 
nor have adequate supervital techmques been apphed Inasmuch as 
knowledge of the biochemical reactions as well as the cheimcal structure 
of normal cartilage and bone is so meager, we have thought that it 
would be desirable to apply certam quahtative techmques to these 
tissues m order to obtam an overall picture of the normal pattern 
which could then be used as a base hne m an mvestigation of certam 
abnormal states produced by one means or another, with particular 
stress on vitarmns and hormones The present paper serves as a review 
and, m addition, wdl present certam unreported observations which 
have been earned out on the cartilage and bone of normal rats and 
gumea pigs and humans at autopsy 

No details of the methods used wdl be presented here A descnption 
of or reference to each will be foimd m its appropnate place 

ENZYilES 

Cytochrome Oxidase In 1885 Ehrhch (11) imtiated experimental 
mtraceUular chemistry when he noted the development of a blue color 
m many tissues of animals which had been mjected with alpha naphthol 
and dimethylparaphenylendiamme, now called the nadi reagent An 
enxyme, first named mdophenol oxidase, was shown to be responsible 

*A part of the observations herein presented were reported at the annual 
meeting of the Assoaation of Amencan Pathologists and Bacteriologists, March, 
1948 ( 14 ) 

' Aided bj a grant from Mead Johnson and Company 
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in the presence of oxygen, for the formation of the indophenol blue 
dye as a result of the oxidation of dimethylparaphenylendiamine and 
Its reaction with alpha naphthol More recently, evidence has accumu- 
lated that indophenol oxidase is cytochrome oxidase The oxidation of 
the nadi reagent with the production of indophenol blue may therefore 
be used as a quahtative test for the presence of cytochrome oxidase in 
tissues 

In studying this reaction we have used thin, free hand shces of 
cartilage and bone, usually the costochondral junction or upper epiphy- 
sis of the tibia of rats and guinea pigs Frozen sections, though of course 
thinner, do not give as active preparations The tissue is placed m a 
drop of Elrebs-Ringer phosphate solution (pH 7 4) on a slide and to 
this are added one or two drops of a freshly prepared solution of equal 
parts 01 M alpha naphthol and 01 M dimethylparaphenylendiamine 
(paraammodimethylalanme) in Krebs-Rmger phosphate solution (pH 
7 4) The tissue without a cover glass is then observed under low power 
of the microscope Incubation hastens the reaction but is not obligatory 
Certain adjunct procedures are necessary as controls Since cyanide 
inhibits cytochrome oxidase activity, a drop of KCN ( 01 or 001 M 
in Krebs-Rmger phosphate) is added just before the tissue is brought 
into contact with the nadi reagent In addition, as Flexner (13) has 
suggested, ferricyanide should be added to the washed slice after the 
maximal development of blue color m order to determine whether the 
reagent has actually entered the tissue Ferricyanide, of course, oxidizes 
the nadi reagent to indophenol blue 

When the nadi reagent comes in contact with slices of cartilage and 
bone, there is an almost immediate appearance of deep-blue staimng 
granules about many of the bony trabeculae Particularly prominent 
are aggregations close to the cartilage-shaft junction These blue 
pigment granules are concentrated about the nuclei of osteoblasts and 
the few osteoclasts which may be present The development of the color 
IS, as noted, extremely rapid and is accelerated if a stream of oxygen 
is played over the shce This intense coloration appears often before 
any very prominent bluemg can be observed in striated muscle fibers 
which may be present The periosteal cells exhibit a bluish haze but 
the intensity or rapid appearance of color seen in osteoblasts is not 
found in this region Later bluish granules can be found in marrow 
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cells and, later still, a few small grannies can be detected m osteocytes, 
that IS, bone corpuscles Durmg the course of the observation, however, 
no change of color can be detected m the cells or mtercellular matrix 
material of the cartilage Fat globules present m the marrow display a 
reddish-purple tint and this color, which is qmte unlike the deep 
indophenol blue, is also seen in some of the immature cartilage cells 
The exact chermcal reaction m the hpoid has not been pomtedly studied 
save to say that it is not ehcited by either of the two reagents alone 

The development of any blue color m the shce is easily prevented by 
cyanide Such inhibition is not an absolute phenomenon since, as 
Friedenwald and Stiehler (19) have pomted out, a positive reaction 
may develop after a lag and may be prevented from developing further 
by the addition of more cyanide If femcyanide is added to the washed 
shce at the completion of the reaction, a faint bluish tint appears m 
the cartilage as well as the bony trabeculae mdicatmg that the reagents 
have penetrated these tissues 

The significance of the presence of cytochrome oxidase in the oste- 
oblast IS not clear at present nor can its possible relation to osteoid 
formation or bone salt deposition be even hazarded It is mterestmg 
that, m contrast, no activity is found m cartilage Our observations 
have confirmed and amplified those of others (5, 35) m this latter 
respect 

Succinic Dehydrogenase An histochemical method for the demon- 
stration of succmic dehydrogenase has been reported by Semenoff (58) 
who apphed the well known Thunberg technique to tissue sections 
We have utilized this method, with certam controls, m stud 5 ang free 
hand shces of cartilage and bone from rats and gmnea pigs 

Shces are placed m a solution of Krebs-Rmger phosphate (pH 7 4) 
solution contaming methylene blue (1-2000) They are allowed to re- 
mam m this medium 3 or 4 minutes or longer, removed, gently blotted 
and placed m a small pool of 1 M sodium succmate nnged by vasehne 
which has been extruded from a s 3 nmge through a large bore hypo- 
dermic needle The flmd is then covered by a cover shp which is gently 
pressed onto the vasehne to produce an air-tight seal, care bemg taken 
not to entrap any air bubbles m the chamber thus formed Two control 
preparations are set up m one, Krebs-Rmger phosphate solution re- 
places the succinate substrate, while the second control shce is placed 
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m equal parts of 1 M sodium succinate and 1 M sodium malonate 
All preparations are then incubated on a warm plate near the micro- 
scope 

Initially the entire section is colored blue, the nuclei more intensely 
than the cytoplasm of the cells and ground substance of the cartilage, 
which IS usually metachromatic The first change to take place is a 
fading of color in the cartilage so that a yellow band of tissue appears 
above the shaft and beneath the center of ossification In preparations 
with just the proper degree of staining by methylene blue this 
decoloration precedes any loss of color in the underlying bone and 
marrow We have not been able to detect any differences in the rate of 
decolorization of various regions of growing cartilage Loss of color soon 
appears in the bone and marrow cells as well, but this change usually 
follows the decolorization of the cartilage Control sections in the Krebs- 
Ringer phosphate medium ultimately become colorless, but at a slower 
rate, while those exposed to malonate show no decolorization As a 
further control, the cover slip is removed, the transformation of the 
colorless leucomethylene blue to methylene blue may be observed as 
the tissue regains its original hue 

There have been several reports on the dehydrogenase activity of 
cartilage Kuwabara (35) was apparently the first to apply the Thun- 
berg technique to this tissue in the test tube More specifically, Rosen- 
thal et al (52) have demonstrated succinic dehydrogenase activity in 
bovine articular cartilage The histochemical studies reported above 
would confirm these findings although they are disappointing in that 
they fail to show any differences in enzyme activity in various regions 
of the cartilage 

Ctinc Acid Dehydrogenase The importance of citric acid in the 
metabolism of bone stems from several lines of investigation The 
effects of citrate on the healing of rickets was noted a number of years 
ago (61), at the present time the exact mechanism of this phenomenon 
IS not clear but it appears as though more is concerned than a mere 
increase in the absorption of calcium from the intestinal tract as a 
result of the presence of citrate The presence of rather large quantities 
of citric acid in bone and to a lesser extent in cartilage was demon- 
strated by Dickens (9) It seemed therefore of interest to determine 
whether cartilage displayed any dehydrogenase activity when placed 
in a substrate of citrate 
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A technique similar to that described above for succmic de- 
hydrogenase has been apphed to study citnc aad dehydrogenase 
activity The only difference is the use of a substrate consistmg of 1 M 
sodium atrate Free hand sections are placed m this medium with 
methylene blue buffered at pH 7 4 and observed anaerobically There 
IS a fairly prompt disappearance of color from the cartilage before any 
color change is found m control shces observed m methylene blue- 
buffer mixture alone It is thus apparent that cartilage contams a 
system capable of dehydrogenatmg atnc acid 

Phosphatase Smce Robison’s (49) demonstration of aJkahne phos- 
phatase m bone 25 years ago, this enzyme has been the focus of a storm 
of controversy over its relationship to the mechamsm of bone forma- 
tion Robison (50) advanced the hypothesis that the deposition of 
bone salt m the orgamc matrix of cartilage mvolves the hydrolysis of 
an orgamc phosphate ester b}”^ phosphatase, thus leadmg to a preapi- 
tation of calcium phosphate in the tissue The weU known observations 
that serum and bone phosphatase values are elevated when there is an 
acceleration of new bone formation and depressed when osteoblastic 
activity IS reduced, as m scurvy (24, 62) would make it seem hkely 
that this enzjmie has an important role in the calcification mechamsm 
of bone and cartilage 

The development of an histochemical technique for the demon- 
stration of alkahne phosphatase by Gomon (22) and Takamatsu (63) 
m 1939 has proved a means whereby phosphatase can be more preasely 
localized m tissues In embryomc bone of chick (46) or rat (32, 34) 
enzymatic activity is foimd m the undifferentiated mesenchymal cells 
w'hich give nse to cartilage In developmg bone, penosteal cells, as 
well as osteoblasts, display a promment phosphatase reaction (17, 34) 
In addition, there is histochemical evidence of enzymatic activity in 
the hypertrophic cartilage cells as well as m the matrix substance 
between them but not m cartilage matnx elsewhere (23, 39) In con- 
trast, bone matrrx exhibits no phosphatase activnty, while, as already 
noted, the osteoblast and, to a lesser degree, the osteocyte give positive 
reactions 

Our own studies have confirmed these observations We have had 
(hfiaculty, howe\ er, m using the techmque advocated by Gomon (23) 
because of the presence of bone and have therefore resorted to studymg 
serial sections one of which is mcubated m the presence of glycerol 
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phosphate After a suitable interval both are stained with silver nitrate 
and then compared In our opinion the phosphatase reaction applied 
to bone is not a particularly suitable method since the duration of 
incubation, amount of washing etc change the end result We have 
therefore turned to quantitative chemical analyses which yield more 
precise data (15) 


GLYCOGEN 

Since the demonstration of glycogen {zoaviyhne) in cartilage by 
Charles Rouget in 1859 (55), a great many histochemical observations 
of this material have been reported With time there has grown a 
feeling that the presence of glycogen might have some bearing on the 
calcification process For instance, in 1885 Marchand (41) called 
attention to the increase in size of the cartilage cells at the growing ends 
of bones and ascribed this h}qjertrophy to an accumulation of glycogen 
in the cells In 1928 Hoffmann et al (31) stated that “a striking rela- 
tionship exists between the disappearance of glycogen in cartilage and 
Its ossification ” A few years later Hams (27) also suggested that the 
presence of glycogen might have some bearing on the calcification 
process, possibly being related to Robison’s (50) phosphatase mecha- 
msm More recently the presence of glycogen in cartilage cells has 
assumed further importance m regards to the phosphorylase mechanism 
of Gutman (25, 26) Several other recent studies (21, 32) have con- 
firmed and somewhat amplified the previous investigations 

Harris (28) made the pointed statement that “osteoblasts and 
vascular bone contain no glycogen ” However, Gendre (20) seems to 
have noted glycogen in osteoblasts and osteocytes although his descrip- 
tions are extremely brief and not very clear 

In our own studies we have utilized the Bauer-Feulgen (1) and 
McManus (43) techniques for the demonstration of glycogen The 
fixation has been absolute alcohol or absolute alcohol-picric acid-fonnol 
as recommended by Rossman (54) If silver mtrate is to be used to 
demonstrate lime salts, the former should, of course, be employed 
Glycogen was differentiated from other matenals, particularly the 
ground substance of cartilage by the use of control sections exposed to 
sahva The presence of glycogen in the cartilage cell has been confirmed 
Glycogen is found in mcreasmg amounts as the cartilage cell matures 
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In young and most undifferentiated cells only a few small pink or 
reddish granules can be found With multiphcation of the cells and as 
the> increase m size, more numerous and larger granules of glj cogen 
appear, until, m the hypertrophic cells dose to the cartilage-bone 
junction, the cytoplasm is filled with homogeneous reddish-staimng 
matenal No glycogen can be foimd m the cell nudei at any time The 
most mature cells, that is those dosest to the shaft and nearest the 
mvading blood vessels, do not appear to contam glycogen It is this 
area that we have observed most carefully, realizmg the importance 
which the disappearance of glycogen may have on current concepts 
(25, 26) of the calcification mechamsm m cartilage We ha\ e, therefore, 
studied sections stamed for glycogen and similar ones exposed to silver 
mtrate m order to bnng out the exact site of lime salt deposition (a 
pomted comparison which to our knowledge has not heretofore been 
carried out) From our obsen^ations it appears that there is a rough 
mverse relationship to the presence of glycogen and presence of hme 
salt deposition m the zone of provisional calcification In cartilagmous 
matrix where positive silver staimng is found httle or no glycogen is 
present m the 2 or 3 adjacent cells The nest few cells above usually 
contam large quantities of glycogen together with a spotty deposition 
of silver m the adjacent matnx For an absolute answer to this question 
it would seem desirable to apply quantitative chemical methods m 
order to determine the relationships between the concentrations of 
glycogen and calaum and phosphate Such studies are now m progress 
(16) Small amounts of glycogen have been observed m osteoblasts and 
osteocj tes 


IIUCOPOLVSACCHAEIDES 

Many cells and tissues, among them cartilage, have long been known 
to exhibit metachromasia, that is, when stamed wth a specific group 
of dyes, one of which is toluidme blue, they exhibit not the expected 
blue (orthochromatic) color of the dye but a different (metachromatic) 
tmt In the case of cartilage the matnx substance is reddish-purple 
(metachromatic) To offer an explanation for this phenomenon one has 
to consider the properties of both the tissue and the dye In the case 
of the former, most cells and tissues exhibitmg metachromasia contam 
polymerized esters of sulfunc aad and a carbohydrate (38) Dyes 
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exhibiting metachromasia are apparently polymerized, especially in 
concentrated solutions (44, 45) In such a state they change color, this, 
of course, may be demonstrated by measuring the absorption maxima 
at various wave lengths The cells and tissues capable of exhibiting 
metachromasia seem to have the abihty to adsorb the dye, hence 
increasing its polymerization, as a result a different color is observed 
m such areas, indicating the presence of mucopolysaccharide 
Cartilage, of course, contains large quantities of chondroitm sulfuric 
acid bound to protein The former may be separated and gives rise to 
sulfuric acid and chondroitm, which latter moiety yields a galac- 
tosamme, glucuronic aad and acetic acid As already noted, cartilage, 
at least the matrix substance and cytoplasm of hypertrophic cells, is 
extremely metachromatic This property has been the subject of several 
studies of which those from Wislocki’s laboratory (7, 8, 64) are most 
interestmg These investigators have extended observations on the 
well known metachromatic properties of cartilage by observing the 
effect of varying the hydrogen ion concentration on the staining of 
cartilage sections by methylene blue or toluidine blue It was found 
that in acid media (pH 1 5-3 0) only the cartilage cell capsules exhibited 
any metachromatic staining, as the environment became less acid 
(pH 5 0-7 0) the matrix also took on this staining property The Boston 
group has further noted that cartilage matrix gives a positive color 
with the Bauer stain a property which is not destroyed by saliva (64) 
In addition, metachromasia of cartilage matrix of fixed tissue is not 
destroyed by hyaluronidase derived from testis (8) in the concen- 
trations used 

We have repeated and confirmed these observations, employing 
similar techniques and have included the periodic acid method of 
McManus (43) which has been shown to be a specific method for 
demonstrating certain polysacchandes (33) Our observations have 
lead to httle that is new save for one extremely interesting finding 
osteoid, hke cartilage matrix, is metachromatic We have noted very 
thin metachromatic bands along the inner margin of the cortex in 
undecalcified sections That such bands are osteoid has been amply 
confirmed in studies on rachitic animals which will be reported else- 
where (16) Another observation of probable significance is the promi- 
nent metachromasia of the fibrillar structure of cartilage and bone 
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matnx In suitably stained preparations there is a definite concen- 
tration of dye along these fibnis with hghter zones in between 

NUCLEOPROTEINS 

Little information is available on the nucleoprotems of cartilage and 
bone Chemical analyses of the nudeoprotem phosphorus of embryo 
and adult sheep cartilage have revealed defimte though small amounts, 
greater quantities are found the younger the tissue (6) The concen- 
trations of nudeoprotem m cartilage appear to be among the lowest 
of any tissues thus far exammed In order to obtam further information 
we have apphed certain histochemical procedures to undecalcified 
sections of cartilage and bone m order to differentiate the two types of 
nudeoprotem, those contaimng desox 3 Tibose nucleic acid and those 
contammg nbose nucleic aad 

Desoxynhose nucleic acid For the demonstration of desox 5 Tibose 
(thymus) nudeic acid the Feulgen (12) reaction is customarily em- 
ployed As IS well known, this techmque consists of hydrolysis of the 
nucleo-protem with warm normal hydrochlonc acid m order to free the 
aldehyde group of the desoxynhose sugar which is then identified by 
the Schiff reagent 

When this procedure is apphed to imdecalcified sections of cartilage 
and bone only the nudei of cells (cartilage, bone and marrow) stam 
There is no coloration of the cytoplasm of cartilage cells or matrix of 
cartilage and bone The identity of the Feulgen-positive matenal has 
been further confirmed b)’’ mcubation of the section m the presence of 
gelatm and magnesium sulfate m Veronal buffer (42) with a desoxy- 
nbonudease prepared from calf thymus and kmdly furnished by Dr 
Norman Weissman Followmg such treatment the Feulgen positive 
areas noted above fail to stam 

Ribose nucleic acid Smce the imtial observation of Brachet (4) m 
1940 a number of experiments have been earned out u tiliz ing the 
effect of nbonuclease to destroy the affimty of cells for basic dyes 
such as methylene blue or hematoxyhn 

We have used fonnahn fixed or frozen dried tissue stamed with 
methylene blue or hematoxyhn Some of the sections were meubated 
with a nbose nuclease prepared from pancreas and kmdly supphed by 
Dr Norman Weissman Sections were meubated with this prepara- 
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tion in acetate buffer at pH 5 0 No effect was found on the basophiha 
in the cartilage matrix, this confirms observations reported by 
Dempsey and Singer (8) in tracheal cartilage 

LEPOro 

N eutral Fat Leydig (37) was apparently one of the first to mention 
and lUustrate (page 33, Fig 16B) fat droplets in cartilage cells A 
number of observers (2, 57, 59) have studied the distnbution of neutral 
fat m the cartilage cells of various animals There is agreement that 
the presence of sudanophihc material is not evidence for any “degener- 
ative” change in the cartilage cell since one can follow a definite cycle 
in the appearance, accumulation and disappearance of fat, this coin- 
cides with the growth and maturation of the cartilage cell The fat, 
however, disappears as the stage of hypertrophy of the cells is reached 

Our own observations have confirmed those already reported in the 
hterature Fat globules stained with Sudan IV are absent from peri- 
chondrial cells, as these most immature cells become larger, small 
sudanophihc droplets in the cytoplasm coalesce to form larger ones 
In the proliferating cartilage just after the formation of rows, fat 
reaches its greatest prominence As the cells increase in size and ap- 
proach the zone of provisional calcification fat droplets have completely 
disappeared from the cells Although the simultaneous identification 
of fat and glycogen in our material has not been possible one gets the 
impression that the former precedes the latter in maximum accumu- 
lation m the cytoplasm as the cell matures 

HYDROGEN ION CONCENTRATION 

Not a great deal is known concerning the hydrogen ion concentra- 
tion of cartilage and bone, although local changes are often invoked 
to explain the calcification mechanism One of the earliest senes of 
observations was performed by Rous (56) who injected litmus as well 
as other dyes into animals The following changes were found himus 
(red at pH 6 2, blue at pH 8 4), cartilage matnx “sky-blue”, while 
bone was deeper blue, bromocresyl green (yellow at pH 40, blue at 
pH 6 0), cartilage, blue, chlorphenyl red (yellow at 5 3, purple at 
pH 6 2), cartilage and bone, rose purple, bromocresyl purple (yeUow 
at pH 5 4, blue at pH 7 0), cartilage matrix, purplish blue, bone, deep 
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It IS apparent that a beginning has been made in our understanding 
of the biochemistry of cartilage A number of observations, many 
admittedly unrelated, have been recorded The problem has been ap- 
proached from several standpoints interest in exploring the metab- 
olism of a virtually avascular tissue such as cartilage, an attempt to 
obtain information which might throw some light on the arthritis 
problem, and the hope of elucidating the calcification mechanism 
At the outset it should be pointed out that a variety of animals have 
been used, that the age of the animals have varied from group to group 
and that articular cartilage, which would appear to be a most sluggish 
tissue, has been most commonly employed in the studies reported 
However, it has been shown that cartilage has a definite, though low 
QO 2 (10, 30, 40, 51), this IS related to the age of the animal (S3) and 
more important to the site from which the specimen for study is taken, 
rate of growth playing an important role (10, 53) In addition it has 
been found that cartilage has aerobic and anaerobic glycolysis (5, 11 , 
35 , 51), the latter being more marked Methylene blue has a markedly 
stimulating effect on metabolism, mcreasing the Q 02 of cartilage many 
times (5, 30, 52) This observation has led to a study of dehydrogenase 
systems in cartilage and it would appear that enzymes capable of 
dehydrogenating glucose (52), mannose (52), succinate (52), lactate 
(52) and pyruvate (52) are present In addition, the presence of gly- 
cogen has, of course, aroused a great deal of interest, this phase will 
be dealt with shortly Glycogen was early shown to break down into 
lactic acid (31) Cartilage appears to metabolize certain hexose-phos- 
phate compounds (40) The possible role of these with especial refer- 
ence to the presence of a phosphorylase (25, 26) which would aid in 
the local mobilization of phosphate is doubtless of importance The 
demonstration of a citnc acid dehydrogenase in cartilage referred to 
above may also be of some significance because of the presence of this 
material in cartilage (9) and its effect on the healmg of rickets (61) 
Phosphatase which has been the center of such a controversial storm 
for many years will be mentioned more in detail below Our failure to 
find cytochrome oxidase activity in cartilage confirms brief references 
to similar findings m the literature (5, 35) From the above observa- 
tions one can hardly look upon cartilage as a metabohcally inert ma- 
terial To be sure articular cartilage is much more sluggish than 
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cartilage cells which are proliferating It is hoped that more attention 
will be focused on the latter type of tissue with special emphasis on 
Its metabohsm with respect to bone formation 

When we consider the biochemistry of bone itself the void is vir- 
tually complete Furthermore it would seem that there is httle approach 
in the way of orthodox biochemical procedures due to the presence of 
marrow cells Histochemical studies would seem to be extremely im- 
portant here The presence of cytochrome oxidase m osteoblasts has 
been referred to, though its significance in these cells is not at all clear 
Phosphatase activity can also be visualized in osteoblasts m which 
cells glycogen is also present The organic portions of bone may be 
studied histochemically as well, at least to demonstrate polysacchande 
moieties (29, 64) An approach to the biochemistry of the osteoblast 
might be made through the use of penosteal cells which can be stopped 
from the bone and thus provide a more or less pure culture of osteoid 
forming material Such an approach has already provided quantitative 
data regarding phosphatase activity of penosteum (15) 

At the present time certain pomts have been estabhshed regarding 
the possible mechanism of the calcification process in cartilage matrix 
The dynamics of the phenomenon in osteoid (bone matrix) is less 
clear 

From the data which are available it seems fairly clear that both 
humoral and local concentrations of inorganic matenals are extremely 
important This role of the former m the pathogenesis of nckets need 
only be mentioned smce the prompt deposition of lime salts m the m- 
tact organism as well as m cartilage shces tn vitro (60) is too famihar 
to warrant further discussion Local factors responsible for the de- 
position of morgamc salts have been concerned with mechanisms for 
increasing phosphate concentration Little recent attention has been 
paid to the deposition of calaum or carbonate, save that the possible 
role of carbomc anhydrase m the latter’s appearance has been suggested 
(3) The story of phosphate deposition began with the demonstration 
of the enzyme alkahne phosphatase by Robison (49) This led to a 
tremendous amount of work on this enzyme and possible substrates for 
It, culminatmg m the conjecture by Hams (49) that glycogen might 
be related m some way' to the phosphatase mechamsm With the grad- 
ual evolution of our knowledge of the glycogenolytic cycle such a con- 



294 


RICHARD H ROLLIS AND MORGAN BERTHRONG 


cept seems even more plausible, particularly too, since at least one 
enzyme, pbosphorylase, which changes glycogen to hexosephosphate 
has been identified by Gutman and his co-workers (25, 26) m epiphyseal 
cartilage No other enzymes concerned in the breakdown of glycogen 
have as yet been identified nor, of course, has phosphorylase activity 
been precisely localized at the site of glycogen breakdown Currently, 
then, glycogen is thought to be the beginning material for a series of 
reactions which would yield a phosphate ester from which phosphatase 
would liberate free phosphate It is of further interest that one of us, 
in association with Dr M D Levine (36) has demonstrated the pres- 
ence of a lecithmase in cartilage which will break down lecithin into a 
diglyceride and phosphochohne, the latter is assumed to be broken 
down by alkalme phosphatase It would seem then that there are at 
least two unrelated mechanisms for providing an increased concentra- 
tion of phosphate in the zone of provisional calcification of cartilage 

Little save conjecture is known of the local or tissue factors which 
must also be important in the calcification mechanism The possible 
relationship of matrix to calcium deposition was first mentioned 40 
years ago by Pfaundler (47) and later studied by Freudenberg and 
Gyorgy (18) It has seemed of interest to us that bone matrix and car- 
tilage matrix exhibit the same staining reactions with the metachroma- 
tic dye, toluidine blue and the periodic acid-leuco fuchsin reaction 
This may mdicate that chemically these two structures are closely re- 
lated 

The basophiha of cartilage is doubtless due to the presence of chon- 
droitin-sulfuric acid We have not as yet carried out any experiments 
designed to abolish this basophiha save to demonstrate that it is not 
destroyed by two types of nucleoproteinases 

SUMMARY 

A study has been carried out on normal cartilage and bone applymg 
certain histochemical techniques m an attempt to gain a base from 
which to study certain diseases The results of these techniques are 
presented and discussed 
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PLATE 1 

Explanation of Figures 

Figure 1 Free hand slice of rat bone treated with the nadi reagent There are 
accumulations of pigment about osteoblasts whose nuclei do not stain 
Figure 2 Higher power of free hand slice similar to Figure 1 
Figure 3 Section of undecalcificd normal rat rib stained with 2% silver ni- 
trate 

Figure 4 Similar section incubated with buffered sodium gtycerophosphatt 
for 2 hours and then stained with silver nitrate Note increase in silver staining in 
cartilage matrix and hvpertrophic cells The marrow cells also give a positive 
reaction 

Figure 5 Section stained with the periodic acid-leucofuchsin technique The 
dark staining material in the hvpertrophic cartilage cells is glycogen 

Figure 6 Fro 7 cn section of human costal cartilage stained \Mth Sudan IV 
to demonstrate fat globules which stain more darklv than the cell nuclei 
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The transfusion of whole blood or plasma has been employed with 
increasing frequency in the treatment of a wide variety of disease 
states At the same time, impressive evidence has accumulated that 
this procedure is not without nsk Among these risks, the appearance 
of hepatitis some time after the transfusion of blood has been described 
repeatedly in recent years This syndrome, usually called homologous 
serum jaundice, has been observed after the injection of whole blood, 
plasma or serum, and after the use of needles and syringes contaminated 
with imsterihzed blood or serum Durmg the last few years, the number 
of blood and plasma transfusions given at The Johns Hopkins Hospital 
has nsen sharply It seemed of interest, therefore, to try to estimate 
the extent of the problem presented by homologous serum jaundice 
in hospital practice The data to be presented emphasize the fact that, 
at present, homologous serum jaundice and acute infectious hepatitis 
cannot be distinguished on chnical grounds 

(i) Dcscrtplton of the Case Matcnal The histones were reviewed 
of all cases of hepatitis due to any cause m patients who were hos- 
pitalized at The Johns Hopkins Hospital between January 1, 1937 and 
December 31, 1948 Those patients with hemolytic or obstructive 
jaundice, amebic hepatitis, Weil’s disease, hepatitis due to sulfonamides 
or anchophen, or cirrhosis of the h\er were ehminated from considera- 
tion There remained 287 patients with acute mfectious hepatitis (or 
catarrhal jaundice), acute jellow atrophy of the hver, post-arsphen- 
amine hepatitis, and homologous serum jaundice (Table I) 

WTuch cases one should call homologous serum jaundice cannot be 
determined with certainty Different authors gi\e different estimates 
for the incubation period of this disease These vary' from about 2 

^ These studies were conducted under contract with the office of Xav al Research, 
U S Xavw 


299 



300 


OSCAR D RATNOFP AND GEORGE S MTRICK 


weeks to 7 months (1-4) In the analysis which follows, any instance 
of hepatitis is called homologous serum jaundice if it appeared between 
5 weeks and 5 months after the injection of human blood or its prod- 
ucts It IS obvious that naturally occurring acute infectious hepatitis 
may have appeared m some patients following transfusion, and it is 
therefore impossible in any given instance to be certain of the route 
of infection 

Moreover, a review of the clinical and pathologic features of the 
cases of hepatitis studied demonstrated that they could not be satis- 
factorily differentiated Although the cases designated as homologous 


TABLE I 

The Relative Frequency and Mortality of Various Types of Hepatitis 


TYPE or CASE 

NO 

TOTAL 

NO FATAL 
CASES 

CASE 

FATALITY 



% 


% 

Hepatitis after Injection of Homologous Blood or 





Blood Product 

40 

14 0 


27 5 

Hepatitis after Injection of Arsenical Compounds* 

51 

17 8 

6 

11 8 

Hepatitis after Insertion of Other Neediest 

39 

13 6 

2 

5 1 

Hepatitis during Pregnancy 

22 

7 7 

2 

9 1 

All other Acute Hepatitis 

148 

51 5 

12 

8 1 

Total Cases, Excludmg Duphcations 

287 


32 

11 1 


* Including 10 non-fatal cases treated with arsenicak during pregnancy 
t Including 2 non-fatal and 1 fatal case after insertion of needles during pregnancy 


serum jaundice were more severe than the average, no other essen- 
tial difference was noted In the group considered, regardless of the 
designation of the illness, most patients presented a relatively benign 
picture of abdommal complaints followed after several days by jaun- 
dice, hght colored stools, and dark urine Examination in the hospital 
disclosed that all the patients were jaundiced Frequently the hver 
was palpable, and occasionally the spleen was as well Ordmanly the 
process gradually subsided Occasionally, however the hepatitis was 
more severe, and 32 patients, 112 per cent of the total, died The high 
mortahty rate may have been due m part to the fact that only the more 
obviously ill patients with hepatitis were admitted to the hospital 
during most of the period of this study 
Acute hepatitis was observed in 22 pregnant women There was no 
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particular relationship between the time of onset of the hepatitis its 
se\entj, and the stage of pregnane} Fixe of these patients aborted 
dunng their illness including 2 patients who died and 2 others who ■n ere 
under treatment for s}^)!!!!^ with arsemcal compounds Fne other 
patients had premature dehAenes dunng the course of their illness 
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La.'' roiery Stuius tn P*.*tents trt/A Uep^ti'tx 






1 

1 


1 

AIX. 



1 





VBC CELtS 

St int'st 

Fao«- 

m-kTA.st: 

I ” 


T T 


PMCXOSIS 







1 

(Btr) 






! 

000 01 > 

o 

r* 

f 

e 

o 

o 

o 

A 

o 

V 

o 

e 

e 

A 

j 

c 

o 

A 

1 i 

9 1 


i 

1 

1 

< 1 
v! 

c 

S 1 

J- 

s 


Hepatiti* afte- lajcc 

Nos fatal cases 

19 

6 

3 

4 

B 


19 

n 

7 

10 

1 

2 

0 

11 

tion o^Horaolog^ua 
Blood o Blood 

Fatal cases 

5 

2 

1 

4 

1 

0 

B 


5 

n 

0 

6 

0 

0 

3 










1 

I 


1 

! 


Product 

Hepatitis after Icscr 

lion cf Other Nee* 
dlw 






i 






i 



Aresial 

l<oa fatsi cases 


2 


6 

H 

13 * 

lori 

105 

2 1 

4 

I 1 

0 j 

0 


Fatal cases- 

2 

2 

2 

0 

1 

1 

1 1 

1 

o| 

0 

B 

0 

0 

Nob Vesical 

Noa fatal cases 

25'' 

4 

2 

5 

7 

8 

20 


4 

8 

1 

1 

9 


Fatal cases 


0 

1 

0 

0 

21 

I! 


0 

0 

0 

0 

0 

Hepatiti' Ounsg 

N 02 fatal cases : 

10 

X 

4 

0 

0 

3 

6 

2 

1 

0 

0 

0 

1 

Prrgsaccy (total) 

Fatal cases 

1 

0 

1 

0 

0 

X 

1 

0 

0 

0 

0 

0 

0 

od:er Acote Hep- 

Nos fatal cases 

B 

p 

13 

12 

*l i 

40 

=9 

11 

5 

33 

! 1 

X 

19 

aUli5 

Fatal cases 

Id 

B 

5 

3 


1 

3 

X 

0 

2 

I 0 

0 

2 

To*aI Eacludjcg Da 

Non fatal cases 

195 

23 

23 

27 

65 j 

62 

110 

30 

D 

55 

' 5 

2 

i« 

pNciticss 

Fatal cases 

U 

5 

13 

3 

3 1 

i 

4 

10 

3 

B 

8 

I “ 

0 

i ^ 


• IcclcdiSf 6 p csnaai iroaea 
t Iccladjaj 3 p*ega«t wca^a. 

♦ Iccladiag 4 ptgaia iroaea 
I ladadtac 2 p^e ga xat iroaca 
t IccJcda* 1 ptjaiat ireaua 


In one of these 5 cases, the baby died 8 hours after birth, there was no 
e\Tdence of hepatitis m the fetal La er The case fatality rate of hepatitis 
was the same in pregnant as m non-pregnant patients 
Laboratory studies did not help to differentiate the patients mth 
acute hepatitis (Table II) In this senes, bihrubinemia vras mA-anably 
present The sedimentation rate measured by the Wlntrobe method 
was elcAated aboA'e 20 mm per hour m 41 per cent of the patients 
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tested, and was no more frequently elevated in fatal than m non-fatal 
cases The white blood cell count was less than 10,000 per mm* in 75 1 
per cent of the patients with acute hepatitis, between 10,000 and 12,000 
in 10 0 per cent, and above 12,000 in 14 7 per cent In many of these 
patients, extraneous factors may have been responsible for the leuko- 
cytosis Leukocytosis was present more frequently in pregnant patients 
and m patients who died The alkaline phosphatase activity of the serum 
was 12 Bodansky units or less in 120 of 153 patients in whom it was 
determined It was not elevated above 12 Bodansky units any more 
frequently in fatal than m non-fatal cases However, it is noteworthy 
that the alkaline phosphatase activity of the serum was more than 12 
Bodansky units in 11 of 22 patients with post-arsphenamine jaundice, 
although none of these patients had erythema of the ninth day (5) 
The cephalin cholesterol flocculation test was positive, 2 plus or higher, 
in 63 of 82 patients, including all of 8 patients who died The thymol 
turbidity was 10 Maclagan units or higher in 45 of 52 patients tested, 
and between 6 and 10 units in 2 of the others In each of the 5 fatal 
cases tested, the thymol turbidity was higher than 10 units 

The liver was examined at autopsy in 28 of 32 fatal cases, and by 
biopsy in 7 non-fatal cases No features were described which dis- 
tinguished between acute infectious hepatitis, homologous serum jaun- 
dice, or post-arsphenamine hepatitis When the destruction of the 
hepatic parenchyma was particularly severe, the diagnosis of acute 
yellow atrophy was often made, but the etiology of the lesion could not 
be determined pathologically 

(2) The Incidence of Previous Injections of Human Blood in Patients 
with Acute Hepatitis During the period of this study, 40 patients were 
hospitalized with hepatitis in whom the first symptom appeared 5 
weeks to 5 months after the injection of human blood or a fraction of 
human blood Twenty-eight of these 40 patients had been injected with 
whole blood, 8 with whole blood and plasma, 2 with plasma alone, one 
with yellow fever vaccine from a known icterogenic lot (6), and one 
with human globulin In other words, one out of every 7 patients 
hospitalized with hepatitis had been injected with human blood or a 
blood product 5 weeks to 5 months before the onset of the hepatitis 
Only 20 of these patients were admitted durmg the first 10 years 
covered by this study, whereas an additional 20 were hospitalized 
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during the last 2 \ears This increased incidence ma\ reflect the more 
common therapeutic use of blood and its products in the last lcv\ jears, 
since the number of patients i^ath hepatitis of all tjpes admitted annu- 
al!} throughout the stud} remained approvimatch constant 

The hepatitis which followed injection of human blood was often 
sc\crc. and 11, 27 5 per cent of the 40 patients wath this histor} , died 
On the other hand onl} 21, or S 5 per cent of the remaining patients 
died 

(J) The Incidence of Parenteral Injections Other tl an Blood in Pa- 
ticuts 11 ith Acute Ilcpatitis The transmission of hepatitis through the 
use of contaminated s} nnges and needles has been described repeated!} 
(7-n) There were 247 patients wath acute hepatitis who had not 
prevaousl} had an injection of human blood Ninet} of these patients 
were knowai to ha\e had a parenteral test or parenteral injection 5 
weeks to 5 montlis before the onset of their disease The nature of the 
histones rc\aewed was such that it is likcl} that more of the cases of 
hepatitis ma} ha^c followed parenteral inoculation Tift} -one of the 
90 patients were under treatment with arsphenamine, neoarsphen- 
aminc, trjparsamide, or raapharsen for sjpluhs Arsenic is a known 
hepatotoMC agent, and some or all of the patients under treatment 
with arsenical compounds may ha\e had a true arsenical hepatitis 
HowcNcr, it is of note that 13 of these 51 patients were subsequent!} 
treated with mapharsen without a single instance of recurrent hepati- 
tis There remained 39 patients whose hepatitis followed 5 weeks to 
5 months after a parenteral test or injection other than arsenic 

The meaning of these data depends upon a knowledge of the fre- 
quenc} of a historj of parenteral tests or injections in patients hos- 
pitalized for causes other than hepatitis Tor this reason, an estimate 
was made of how frequentl} control patients without hepatitis ga\e 
a histor} of parenteral tests or injections before the} became ill The 
case histones of 2S7 patients ivithout hepatitis, admitted to The Johns 
Hopkins Hospital dunng the penod of this stud}, were renewed In 
each instance the control patient was the one whose admission directl} 
lollowcd on the same ward that of a patient with hepatitis In this 
manner an equal number of controls was assembled, similar to the 
patients wnth hepatitis in respect to age sc' , race, economic status and 
time of admission to the hospital Each control chart was searched for 
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a history of a parenteral test or injection 5 weeks to 5 months before 
the onset of the illness for which the patient was hospitahzed In the 
analysis which follows, the cases of pregnant women were eliminated 
from consideration in both the hepatitis and control series, since these 
cases were not comparable m the 2 groups In the control series, the 
pregnant patients were usually admitted to the hospital in labor and 
had had blood studies during their pregnancy Most of the patients 
with hepatitis, on the other hand, were hospitahzed early during the 
course of their pregnancy, before any blood studies had been performed 

There remained 264 patients with hepatitis and 268 control patients 
In the period between 5 weeks and 5 months before the onset of the 
illness for which they were hospitahzed, 2 of the control patients had 
been transfused, 8 had been treated with arsenical compounds, and 
20 of the remaining 258 patients had had a parenteral test or injec- 
tion On the other hand, 40 of the patients with hepatitis had been 
transfused, 41 had been injected with arsenical compounds, and 36 
of the remaining 183 patients had had a parenteral test or injection 
In other words, only 8 per cent of the control patients had previously 
had a parenteral test or injection of material other than blood or 
arsenic, compared with 20 per cent of the patients with hepatitis 
The probabihty that this difference could have occurred by chance is 
less than one in 100 The data, therefore, suggest that there may poss- 
ibly have been a causal relationship between the preceding parenteral 
test or injection and the hepatitis 

{4) The Incidence of a Previous Injection of Unman Blood in Patients 
•who Died of Acute Hepatitis During the period of study, 32 patients 
with acute hepatitis, postarsphenamine hepatitis, acute yellow atrophy 
of the liver, or homologous serum jaundice died Eleven of these 32 
patients had had an injection of human blood, plasma, or globulin 
before the onset of their hepatitis 

(5) The Incidence of Hepatitis in Patients Transfused ■with Blood or 
Plasma The available data do not answer the question of how fre- 
quent hepatitis was in relation to the number of blood transfusions 
given Only sporadic information was available concerning the num- 
ber of transfusions of blood and plasma given at the hospital before 
1946 In this study, no attempt has been made to foUow each patient 
who had been transfused to learn whether he subsequently had hepati- 
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tis Only those who were hospiiahzed because of their hepatitis were 
included in the series It has been ascertained that other patients, not 
included in this senes but transfused at The Johns Hopkins Hospital, 
have been under treatment elsewhere for acute hepatitis (14) On the 
other hand, patients transfused elsewhere who came to The Johns 
Hopkins Hospital with hepatitis were included in the present series 
Finally, it may be assumed that only the more obviously ill patients 
were admitted to the hospital The mvariable presence of jaundice in 
the patients hospitalized supports this view 

Approximately 2800 patients per year were transfused at The Johns 
Hopkins Hospital with blood, plasma, or both, in 1947 and 1948 These 
figures include 2100 patients who were transfused with blood, and 1000 
patients with plasma During this same penod, approximately 8 5 
patients per year were hospitalized with hepatitis after blood or plasma 
transfusions which had been given at this hospital, and 2 per year died 
The proportion of patients re-admitted to The Johns Hopkins Hospital 
with hepatitis after transfusion, then, was one to each 330 patients 
transfused, and the proportion of fatalities was one to each 1400 pa- 
tients transfused For the reasons outlined, the actual incidence of 
the disease was undoubtedly higher The relative incidence of hepati- 
tis after transfusions of blood compared with plasma could not be 
determmed since some of the patients received both 

DISCUSSION 

Except for the use of human volunteers, no method is available at 
present to study the etiology of acute infectious hepatitis For this 
reason it is not possible to state with certainty in any particular case 
that a causal relationship exists between the injection into a patient 
of human blood and the subsequent development of acute hepatitis 
None the less, it is impressive that 14 0 per cent of the patients ad- 
mitted to The Johns Hopkins Hospital with acute hepatitis had been 
transfused between 5 weeks and 5 months before This period of time is 
the same as the incubation penod previously reported when hepatitis 
followed the injection of homologous blood in human subjects (1-4) 
Tentatively, then, these patients may be presumed to have had homol- 
ogous serum jaundice 

Hepatitis after transfusion, as it was seen in the hospital, was a 
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serious and often fatal disease In the present senes, 27 5 per cent of 
these patients died This fatahty rate is comparable to that reported 
by others For example, Shemberg, Kinney, and Janeway (15) ob- 
served that 4 of 11 patients with homologous serum jaundice after 
transfusion died And Snell, Wood, and Meienberg (16) observed a 
case fatahty rate of 19 per cent The reported fatahty rates may have 
been too high, since probably only the more severely ill patients were 
hospitalized None the less, the disease appeared to be much more 
severe than the homologous serum jaundice which followed vaccma- 
tion with yellow fever vaccine containing human serum (6) Very likely 
this difference was due to the much larger inoculum of virus which 
occurred during blood transfuson It is noteworthy that the case 
fatality rate of hepatitis in the present series in patients who had had 
blood counts, venepunctures, or parenteral injections other than blood 
was no higher than in patients who had not received injections 
No estimate of the frequency of homologous serum jaundice was 
possible from the data available However, in previously reported 
studies the proportion of patients transfused who subsequently de- 
veloped hepatitis was high For example, one in every 222 transfusions 
of blood or plasma at the Peter Bent Bngham Hospital was followed 
by hepatitis (15) and one in every 21 patients transfused with pooled 
plasma in Upper New York State developed hepatitis (17) The data 
suggest that homologous serum jaundice is a problem which is serious 
enough so that the indications for blood or plasma transfusions should 
be weighed carefully against the nsks involved Furthermore, the use 
of pooled plasma or multiple transfusions should be avoided wherever 
possible since the risk of transmitting homologous serum jaundice is 
proportional to the number of blood donors used 

It has been demonstrated repeatedly that acute hepatitis can be 
transmitted by minute quantities of infectious materials A number of 
epidemics have been described in which hepatitis apparently resulted 
from the use of inadequately sterilized needles or syringes (7-13) In 
the present study, approximately 20 per cent of cases of hepatitis, not 
following blood or plasma transfusions or injections of arsenical com- 
pounds, occurred in patients who had previously had a parenteral 
inoculation or test In a control group of patients, the incidence of 
parenteral inoculation was only 8 per cent The evidence mdicates 
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that injections of any vanety or the withdrawal of blood should be 
made only with needles, sjTinges, or lancets which have been properly 
sterihzed The only practical agent known which will destroy the virus 
of hepatitis is heat (8) The inadvertent inoculation of patients with 
the virus of hepatitis may be avoided by boilmg or autoclaving all 
needles, syrmges, and lancets before their use in each patient Stenh- 
zation with such agents as phenol (18), ether (18), and merthiolate (19) 
has been shown to be meffective It would not be sufficient to boil or 
autoclave the needles and syrmges used on patients with hepatitis 
alone There is considerable evidence either that there are earners of 
the virus, or that virus is present m the blood both dunng the incuba- 
tion penod (20-22) and subsequent to the disease (23) 

No satisfactory evidence has been reported as to whether infectious 
hepatitis and homologous serum jaundice are separate entities or vana- 
tions of the same disease which depend on the route of infection (24) 
It is of mterest that in this study the clmical, laboratory, and pathologic 
features of the patients with homologous serum jaundice did not differ 
from those of patients with acute hepatitis from other causes The 
greater seventy reported m post-transfusion hepatitis could well be 
explamed by the dosage of the moculum of vims 

The data presented indicate that acute hepatitis during pregnancy 
IS frequently attended by abortion or premature delivery 

SUMIUARY 

(1) Appro'^imately one out of every 7 patients hospitalized with 
acute hepatitis during a 12 year penod had been transfused with 
homologous blood or a blood fraction 5 weeks to 5 months before the 
onset of the hepatitis The case fatahty rate in 40 patients with homol- 
ogous semm jaundice was 27 5 per cent 

(2) No chnical, laboratory, or pathologic features other than dif- 
ferences m seventy were observed which distmguished between homol- 
ogous serum jaundice and other vaneties of acute infectious hepatitis 
Acute mfectious hepatitis which occurred dunng pregnancy was fre- 
quently assoaated with abortion or premature dehvery 

(3) Twenty per cent of 183 patients with hepatitis had had a paren- 
teral test or injection of matenal other than blood or arsenic within 5 
weeks to 5 months before the onset of their lUness Only 8 per cent of 
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258 control patients without hepatitis had had a similar test or in- 
jection The probability that this difference could have occurred by 
chance is less than one m 100 The data emphasize the hazard of trans- 
rmtting hepatitis by any procedure in which the skin is pierced, unl ess 
adequate sterilization of instruments has been achieved All syringes, 
needles, and lancets, whether used for withdrawal of blood or injec- 
tion of any material, should be boiled or autoclaved before their use 
m each patient m order to prevent the transmission of hepatitis 
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The work of Lium (1, 2, 3, 4) and his associates on the etiology of 
ulcerative colitis has directed interest toward the neurogenic aspects of 
this disease and the role played therein by spasm of the colonic muscu- 
lature Recently Dennis (5) has used vagus section m treatment of 
patients with ulcerative colitis in an effort to reduce spasm and hyper- 
motility of the colon and to slow the mtestmal transit time 

The present investigation has been carried out m order to assess the 
effects of section of the vanous motor nerves of the colon on the tone 
and reactivity of the normal large mtestme For this purpose experi- 
mental observations have been made in dogs, and clmical studies have 
been carried out in patients undergomg vagotomy for peptic ulcer 

THE COLONMEXROGRAM 

The colonmetrogram was described by White and his associates (6) 
in 1940 as a means of recordmg manometrically the tone, reflex irri- 
tability and sensitivity of the colon as a whole The apparatus used con- 
sists of a vertical glass tube manometer connected on one side to an 
mtravenous dnp set and on the other to a 100 cc Foley catheter 
(Figure 1) Water, saline or dilute barium sulfate solution may be used 
as the mfusing fluid The reservoir is filled with fluid at body tempera- 
ture and the tubmg cleared of air The base hne of the manometer is 
adjusted so that the meniscus of the fluid column is at the zero mark 
when the tip of the rectal catheter is level with the subject’s anus 
After msertmg the tip of the catheter mto the rectum the mfusing 
fluid IS permitted to run into the colon at a constant rate of 100 cc per 
min ute m observations on patients and 25 cc per mmute m studies 

* From the Surgical Hunterian Laboratory of the Johns Hopkms University 
School of Medicine 
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Fig 1 Apparatus por Colootjetrographic Studies 

on the dog’s colon The pressure recordings are then plotted against 
the volume of fluid mtroduced m graphic form 
The normal colonmetrogram m man resembles the normal cystomet- 
rogram (6) except for the fact that a four-fold larger volume of flmd is 
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usually required for filling the colon (Figure 2) The smooth muscle in 
the colon, as in the bladder, reacts to stretch stimuli by reflex contrac- 
tion White and his associates have demonstrated that various types 
of neurologic lesions are associated with changes in the colonmetrogram 
(as m the cystometrogram) charactenstic of the level of the lesion 
Colonmetry in dogs cannot be carried out satisfactorily without 
anesthesia — otherwise the intense voluntary straining renders the 
curves meaningless An intratracheal catheter prevents closure of the 
glottis and obviates to a large degree the diaphragmatic component 
of the defecation pattern Sodium pentobarbital has proven to be the 



From a patient m this study Pressure m centimeters of 0 85% salme 

most satisfactory anesthetic agent from the point of view of repetition 
of dosage for comparative studies and minimal alteration of the reflex 
activity of the bowel The use of drugs such as morphine, atropine, or 
curare is contraindicated because of profound disturbances in colonic 
responses following their administration A Foley catheter is necessary 
to prevent leakage from the anus in dog experiments Adequate prep- 
aration of the bowel for colonmetry in the dog mcludes a 36 to 48 
hour period of starvation and repeated cleansmg enemas of tap water 
12 hours before the observations are made Cathartics are to be 
avoided 

The colonmetrogram in the normal anesthetized dog resembles 
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closely the normal fiUmg curve of the colon in man except for the 
smaller volume required to fill the dog’s colon (Figure 3) A standard 
dilute solution of banum sulfate (75 gms m 1 liter of water plus 5 gms 
acacia) used as the infusmg fluid m the dog experiments permits the 
colonmetrogram to be earned out under fluoroscopic control Opening 



Pressure in centimeters of standard dilute banum solution (75 gms Ba SO< + 5 
gms acaaa m 1 hter water) 

of the ileocecal valve with reflux of banum mto the ileum is taken as 
the end-pomt of the fillmg curve m the anesthetized dog 

METHODS 

Adult mongrel dogs weighmg 8 to 15 kg were used m the animal 
experiments AH animals were anesthetized with sodium pentobarbital 
given mtravenously m doses of 30 millograms per kilogram of body 
weight for each experiment Control colonmetrograms and roent- 
genograms of the banum-fllled colon were made m each instance 
After obtammg satisfactory control observations each animal was 
given a rest penod of several days and then subjected to operative 
mterruption of one set of the vanous motor nerves of the colon All 
operations were earned out with aseptic techmc, mtratracheal ether 
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or intravenous sodium pentobarbital (30 mg /kilo of body weight) 
were used for anesthesia After recovery from laparotomy or thoracot- 
omy, colonmetrographic and roentgenographic observations were made 
of the colon of each animal, usually begmnmg at 14 days after opera- 
tion and thereafter at mtervals of 1 month 

TABLE 1 


Summary of Colonmetrographic Observations after Section of Nerves to Colon 


DOGS 

NO OBSESVATION 

PEfilOD OF STUDY 

J£EAN lESULT 

Vagus Nerves 


■■i 


1 C2 

4 


No change 

2 C4 

' 2 


No change 

3 C7 

2 


No change 

4 C12 

4 

HH 

Slight flattenmg 
with return 

5 CIS 

4 

3 mos 

No change 

6 C28 

3 

2 mos 

No change 

Pelvic Nerves 




1 C24 

3 

5 mos 

Flat curve 

2 C29 

3 

2 mos 

Flat curve 

3 C36 

3 

3 mos 

Flat curve 

4 C37 

5 

9 mos 

Flat curve 

5 C34 j 

2 

1 mo 

Flat curve 

6 C2 1 

4 

9 mos 

Flat curve 

7 C38 

3 

2 mos 

Flat curve 

Hypogastric Nerves 



No change 

1 C6 

6 

5 mos 

2 C7 

4 

3 mos 

Slight flattening 
with return 

3 C9 

5 

5 mos 

1 No change 

4 C18 

4 1 

6 mos 

No change 


In the colonmetrograms on patients the procedure described by 
White was followed No drugs were used before or dunng the colon- 
metrogram 


RESULTS 


1 Vagus nerves 

Six dogs were used m these experiments In each instance the vagus 
trunks were divided just above the diaphragm with exasion of 4 cm 
segments from each trunk and careful extirpation of the periesophageal 
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vagal plexus Colonmetrograms and banum enemas were earned out 
m these ammals followmg vagotomy for survival penods rangmg from 
1 to 4 months A total of 19 colonmetrograms were done durmg the 
penod of study (Table 1) In 5 animals there was essentially no change 



Fig 4 Sketch Depicting the Hypogastric Nerves and the Pelvic Nerves 

IN the Dog 

m the colonmetrograms followmg vagotomy In the re mainin g animal 
the curve obtamed 2 months after operation showed some reduction m 
tone but subsequent curves were identical with the control colonmetro- 
gram Roentgenograms of the banum filled colon showed no apparent 
change m cahber of the bowel after vagotomy m any of the animals 
Defecation was normal m these dogs, and no diarrhea was encoimtered 
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2 Pelvic nerves {Nervi engeiites) 

Seven dogs were used m these experiments Bilateral section of the 
pelvic nerve trunks was carried out in each animal as shown m Figure 4 
Bladder paralysis developed promptly m all animals necessitating re- 
peated catheterization during the post-operative period In 3 annuals 
a large suprapubic cannula was sutured into the bladder at the tune of 
pelvic nerve division in order to obviate urmary retention 

Colonmetrograms and barium enemas were carried out in these 
animals for survival periods rangmg from 1 to 9 months A total of 23 



Fig 5 TypiCAL Colonmetkogram Before and After Pelvic Nerve Division 

IN THE Dog 

colonmetrograms were done durmg the period of study (Table 1) 
Flat curves were obtained consistently in all dogs after pelvic nerve 
division (Figure 5) Barium enemas showed slight dilatation of the 
distal half of the colon m most animals, but in no instance did the dila- 
tation reach a degree which suggested megacolon These dogs defecated 
m apparently normal fashion No fecal impaction or diarrhea was en- 
countered 

3 Hypogastric nerves 

Four dogs were subjected to division of the hypogastric (sympathe- 
tic) trunks m the pelvis as control animals Four centimeter segments 
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were excised from the hypogastnc trunk on either side as m Figure 4, 
and damage to the nervus engens was avoided 

Colonmetrograms and banum enemas were earned out m these 
animals for penods rangmg from 3 to 6 months A total of 19 colon- 
metrograms were done In 3 animals no change was observed m the 
fillin g curve of the colon One dog showed hypotomc curves for 2 months 
after operation, but subsequent curves dunng the next 3 months 
were identical with the preoperative colonmetrogram Banum enemas 
showed no change in the appearance of the colon m any of these animals 
None of the ammals developed any disturbance of bladder function 
or of defecation No fecal impaction or diarrhea was encountered 

4 Observations in Patients {Vagus nerves) 

In 10 patients undergomg vagus nerve section for peptic ulcer colon- 
metrograms and banum enemas were earned out before operation and 
two weeks after vagotomy In no mstance did the colomc filling curve 
foUowmg vagotomy differ from the preoperative colonmetrogram No 
changes were observed m the roentgenograms of the banum filled 
colon of any patient after vagotomy 

COMMENT 

After division of the nervi engentes m the dog colonmetrograms 
show consistently hypotomc curves These flat curves mdicate that 
section of the pelvic nerves results m reduction m the tone and reactiv- 
ity to stretch stimuh of the colon of the anesthetized dog These changes 
were not observed after division of the vagus nerves or the hypogastnc 
nerves m dogs No changes were observed m the colonmetrograms of 
clmical patients after vagotomy 

These observations are m accord with the experimental evidence as 
to the function of the motor nerves of the colon accumulated by 
Ivy and his associates (7) by electneal stimulation Ivy found that 
electneal stimulation of the distal end of the divided pelvic nerves 
m dogs, monkeys, and pigs causes contraction of both longitudmal 
and circular muscular coats of the descendmg and distal colon Stimu- 
lation of the vagus nerves, both m the neck and above the diaphragm 
was uniformly meffective m produemg a response of thecolonmthe dog, 
and only weak mconstant contractions of the cecum were occasionally 
observed m pigs and monkeys Stimulation of the distal end of the 
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hypogastnc nerves produced an uiconstant circular contraction of the 
musculature of the distal colon in about half the animals studied 
The results of pelvic nerve division in this group of dogs are also in 
agreement with the colonmetrographic observations made by White 
and his associates (6) on patients with destructive lesions involving 
the pelvic parasympathetic nerves, the cauda eqmna, and the sacral 
cord In such patients the curves were found to be consistently 
hypotonic in type Conversely, in patients with lesions of the motor 
fibers m the brain or m the descending spinal tracts the colonic fil- 
ing curves were hypertonic in type White concluded that the peristal- 
tic contractions of the colon are a form of “stretch-reflex” with affer- 
ent and efferent arcs mediated through the pelvic parasympathetic 
nerves to the sacral segments of the cord 
The steep nse in intracolomc pressure and the powerful peristaltic 
contractions which occur as the normal colon is filled to capacity are 
not observed after division of the nervi erigentes The most likely 
explanation for these differences m colonic activity is that expulsive 
contraction of the distal colon is abolished or greatly reduced by inter- 
ruption of the pelvic parasympathetic reflex arc 
Although slight dilatation of the distal colon was observed m dogs 
after pelvic nerve division, nothmg suggestmg megacolon was en- 
countered No colonic dilatation was observed after hypogastnc nerve 
section or vagotomy 

On the basis of these experimental observations it would seem rea- 
sonable to conclude that surgical attempts to alleviate spasm and hyper- 
motility of the colon by mterruption of its motor nerves had best be 
directed toward section of the pelvic parasympathetic nerves If it 
should prove to be anatomically feasible in man to divide the pelvic 
parasympathetic fibers to the colon without interrupting the bladder 
fibers an operative procedure to reduce the tone and reactivity of the 
distal colon might be developed which would be of benefit m certain 
mstances of “spastic colitis” and possibly m early ulcerative cohtis 
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BOOK REVIEWS 

(These reviews represent the individual opinions of the reviewers and 
not necessarily those of the members of the 
Editorial Board of this Bulletin) 

A Primer o] Electrocardiography By Burch and Winsor Second Edition 24S pp $4 SO 
Lea and Fehger, 1949 

This book presents in logical order the fundamentals of electrical physiology which 
are necessary for the proper understanding of climcal electrocardiography It is a book to 
be contrasted with the usual type of electrocardiographic manual which merely presents 
a senes of clinical examples with brief explanations and interpretations This primer is 
not just a collection of electrocardiographic patterns, but is a beautifully organized and 
clearly illustrated logical approach to the method and the meaning of the results in physi 
ological terms It is a superb text for students m a course of electrocardiography or for a 
practicing physician who wishes to understand something more than the usual empirical 
patterns obtained in cardiac disease 

It IS obviously the result of much expenence in the successful teaching and study of 
electrocardiography by these authors 

E V N 

Clinical Auscultation of the Heart By Levine and Harvey 327 pp $6 50 IE B Saunders 
Company 

This book follows as a natural sequence the already well known publication on clinical 
heart disease by the semor author of this present book “Clinical Auscultation of the 
Heart” has been written to emphasize the importance of adequate physical examination 
in cardiological diagnosis, in which the value of auscultation and the information to be 
obtained by the use of the stethoscope is stressed Chapters deal with the variations to 
be found in normal heart sounds, auscultatory findings in cardiac irregularities and the 
significance of cardiac murmurs The text is amply illustrated with phonocardiograms 
recorded with simultaneous electrocardiograms and the book makes enjoyable reading 
It is unnecessary to emphasize the fundamental clinical importance of much that is 
written, representing as it does the teaching and experience of one of this country’s emi- 
nent clinical cardiologists The therapeutic references in the book will be of considerable 
help to the practicing internist and the chnical approach to auscultatory problems at the 
bedside should be of help to future generations of students 

Realizing that this book has been written as a practical guide to clinical auscultation 
It seems a pity that the authors did not enlarge the scope of the book as the phonocardio 
graphic tracings have been used mainly to illustrate and to help visualize points taken up 
in the discussion in the text Phonocardiography has contributed much to a better under- 
standing of the mechamsm of heart sound production and with the large number of trac 
mgs included, greater use could have been made of them In many instances it is impossible 
to determine accurately the duration and type of component vibration which has been 
recorded 

It would have been of great value if the authors had extended their discussion to a 
more complete analysis of the mechanism of heart sound recordings and also to debate 
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It may not be too much of a distortion to regard Professor Crei^ as a relatively “pure” 
scientist who has entered a career where almost any recommendation that is made involves 
intricate sociological, economic, pohtical, and psychological questions In this situation, 
one possible attitude for the pure scientist has been described by another outstanding 
geneticist, R A Fisher 

The investigator undoubtedly best preserves both his scientific reputation 
and his peace of mind, who refrains from any opinion respecting human affairs, 
and declines the responsibility for any practical action which might be based 
upon the facts he has brought to light If such a one were to admit that mankind 
might, with advantage, make more use of scientific knowledge of all kinds, his 
practical pohcy would, apparently, go no further than to advocate a more general 
diffusion of this scientific knowledge, its application to mundane affairs being 
relegated to others (unspecified) who might make it their particular business ” 
Professor Crew does not adopt this attitude, but he has not lost his scientific detachment 
and IS m no hurry to rush in with a host of proposals for an immediate cure of Scotland's 
ills Perhaps he might have ventured more than he has, for most of his definite recommenda 
tions seem rather obvious, and on some important and difficult issues it is not clear what 
he would propose 

As IS well known, Scotland is likely to face the problems of an aging population, with 
a net reproduction rate fluctuating around unity and a dram by emigration on some of 
her best reproductive material Unsatisfactory aspects of her public health are the rela- 
tively high infant and maternal mortality rates and the high illegitimacy rate (1 in 12 
births) Professor Crew makes the point that if Scotland wishes to multiply this must be 
done now, since in the future the problem of caring for the aged will be a sufficiently great 
burden to deter her from assuming the additional load caused by an increase in cbldren 
With regard to emigration, she can afford to export her surplus women of marriageable 
age, but not her young married couples He quotes investigations on the causes of infant 
and maternal mortahty which indicate that in both cases a substantial reduction in death 
rates can be expected from increased availability of good medical care He makes a moving 
plea for measures that will remove the stigma of illegitimacy from the child and ensure 
as good natal care for the unmarried as for the married mother 

Wilham G Cochran 

Pathology of Tumors By R A Wilus, D Sc , M D , F R C P 992 pp , 500 illustrations 
$10 00 BtUterworth and Co , Ltd , London, and The C V Mosby Co , Si Loins 1948 
This IS an excellent and very useful book on the pathology of tumors, indeed, m the 
opimon of the reviewer, it is one of the finest in the field, m any language It is a book 
that has grown out of a broad experience with tumors and a genuine devotion to the sub- 
ject 

Those who may be so inclined may cavil at the fact that not all tumors about which 
they may seek information are described in the book, but any such objection cannot de- 
tract from the value of this comprehensive, well illustrated work Because of the enormous 
variety of tumors, no single author has ever adequately described them all Indeed, it is 
hardly possible that that could be accomplished m any treatise short of an encyclopedic 
compilation prepared by a great many different students of tumors, and even then many 
of the types and variations of tumors would, with httle doubt, be inadequately treated 
Professor Wilhs never hesitates to express his own opimon plamlj about matters con 
cemmg which opimons may differ He does this, however, not m a dogmatic manner, but 



BOOK REVIEWS 


323 


•snth a dear, conase statement of the reasons for his preference, and he reserv es the right 
to alter his opimon if future espenence warrants doing so 

The book is a refreshing one, for it was obviouslj written with pleasure, and it there- 
fore represents one of the all too rare modem medical books m which the personalitj of 
the author hves in the pages, and which one can read with pleasure as well as with profit 

A R R. 

Problems of Earl^ Infancy — Transaclions of the Second Conference, March 194S Edited by 
Milton J E Sekn, M D Price $1 00 Pages 120 Pubhcalton of T/e Jostah Macy 
Jr Foundalwn, A'ca’ Yorh, N T 

The first part of thu; \olume contains twehe reports whose wide range of subject mat- 
ter IS exceeded onlj bj that of the discussions following each group of talks The first eight 
of these reports deal largelj with the psjchological problems of pregnancy, their possible 
influence on fertihtj, the cause and comphcations of pregnanc>, the development of the 
fetus and the deliv erj of the patient The use of relaxation methods m obstetrics practice 
IS discussed bj Dr Albert VoUmer, and emotion m pregnanej and labor as related to 
childbirth by S W Goodnch, hf D Other presentations mdude the m> dmization of the 
central nervous system in relation to function bj Margaret A Kennard This subject is 
sUll but poorly understood However, there is strong evidence that my elinization, as it 
results from use, hdps to bnng about increasmg effiaency of function A memorandum on 
emotional disorganization in this culture by James Clark Moloney , M D offers a plea for 
affectionate understandmg of the emotional needs of infants and children as a guide to- 
ward their education, rather than training He points out that many mothers because of 
their own narassistic needs and neurotic tendenaes are incapable of mother lov e and that 
they are unconsaously aided and abetted by many physiaans and nurses whose authon- 
tative and sometimes irrational behaviour place a cold screen of mechamcal devices be- 
tween mother and child The last presentation m this group by Dr Preston A McEendon 
IS entitled “Modem Nurseries — New Design” It contains a description of the nurseries 
of the George Washington University Hospital This is a timely paper, obstetnaans, 
pediatncians and Pubhc Health authonUes are becommg more and more aware that 
most hospital nursenes are inadequate to provide either rational mother-child relation- 
ship or adequate control of mfection The breaking up of large nursery groups mto small 
units as has been done in the new nursenes offer a practical approach to both of these 
problems 

This volume contains as a supplement reports of five talks concerned with the impact 
of \\ orld ar H upon the emotional dev elopment of children in the occupied countnes 
of Europe Four of these were presented by European pediatnaans visitmg the Interna- 
tional Congress of Pediatncs in New York m 1947 These give first hand information to 
■kmcnean pediatnaans The fifth report in this group was made by Dr Davad Levw who 
travelled abroad extensively shortly after the end of the war This is a very worthwhile 
little volume presen Ung a vanety of challengmg ideas to Amencans mterested m chdd 
dev elopment 

J B H 

Tic Premature Infant jeurs H Hess, MD, Evelyn C Lendeen, RN 381 Pages 
101 illustrations PneeSfiOO J B LtfoncoU Co , Phladelpl zajMay 1949 
This IS the new, thoroughly up-to-date second edition of the well known book on pre- 
mature infant care bv Hess and Lundeen Here is described m detail the care giv en to pa- 
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tients in the premature infant stations in the Sarah Morris Hospital, Chicago The book 
should be of great value to Public Health nurses, and nursery personnel as nursing tech 
nique, procedures and teaching methods, both for hospitals and homes use, are outlined 
m the greatest detail The chapters devoted to the medical care of the premature infant are 
complete only rather superficially but because of the detailed information given about 
some practical aspects of the problem, for instance, dosage of chemotherapeutic agents, 
methods of administrating transfusions, etc , they should be of considerable value to the 
practicing physicians The chapter discussing the prognosis for premature infants, par- 
ticularly as regards mental development represents an important contribution to our knoul 
edge m this direction The final chapter in which city-wide and state uide plans for the 
care of premature infants are discussed is of particular interest The concise description 
of the plans operating or being developed m eleven states should prove of value to Public 
Health ofiicers and others interested in the all important phases of community planning, 
the only real way in which to reduce mortality rates among premature infants 

J B H 
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EVIDENCE FOR THE PRESENCE OF RIBONUCLEIC ACID 
IN THE CYTOPLASMIC BODIES THAT APPEAR IN THE 
HEPATIC AND ADRENAL EPITHELIAL CELLS OF 
ilAN IN ACUTE INFECTION 

ARNOLD R. RICH AND MORGAN BERTHRONG 
From tl-c Deparlmcrl of Patlology, The Johtu Bophtns Untrersttp Medical School 

Received for pubLcation August 11, 1949 

Not infrequently there appear m the epithehal cells of the hver 
and adrenal cortex of man strongly basophihc cytoplasmic bodies of 
undetemuned nature and significance They varj’’ in size and shape, 
some havmg a globular form, some appeanng as straight or curved 
rods, and some ha\’mg an irregular contour, their size ranges from 
less than a micron to several micra m diameter or length They may 
be present sparsely or m profusion, and may be scattered indiscrim- 
inately m the cytoplasm or arranged m rows or palisades that he 
along the margms of the cells 

It is strange that these cytoplasmic bodies m the human hver have 
been so generally overlooked and neglected, considering the frequency 
of their occurrence m pathological matenal, and their often stnkmg 
appearance m the routine hematoxyhn-eosm stam of tissue fixed m 
the ordinary fixatives They receive no mention at all m treatises, 
text-books or systems deahng with the pathology of the hver or 
adrenals For some years we have been impressed by their relation 
to severe infection, and that impression was confirmed by a study 
earned out m this laboratory several years ago by Santee (2), who 
found that in a senes of imselected cases m which the hver and adrenals 
were exarmned histologically, the presence of the cytoplasmic bodies 
was assoaated with acute infection m the great majonty of cases 
VTiile we certainly do not mtend to imply that infection is the sole 
condition under which these bodies occur, it seems nevertheless clear 
that some factor assoaated with infection provides a particularly 
favorable stimulus or condition for their appearance 

In the course of a study of the relation of certam cellular constitu- 
ents to the functional and reproductive potentiahties of the hver cells 
(1), It became desirable to examme more closely the nature of the cyto- 
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plasimc bodies that form the subject of the present paper The purpose 
of this report is to present evidence for the presence of ribonucleic 
acid in these bodies 

The possibility that the bodies m question might contam ribonucleic 
acid was suggested m the first place by the fact that they are markedly 
basophilic and, as is now recognized, cytoplasmic basophiha is often 
associated with the presence of ribonucleic acid In the second place, 
these bodies bear some resemblance to the basophihc, so-called “protein 
storage” bodies of Berg (3), which are present normally in the hver 
cells of various animal species when the diet contams an adequate 
amount of protein, and several investigators have presented evidence 
for the presence of ribonucleic aad m the latter bodies m the hepatic 
cells of the normal rat (4, 5, 6, 15), an observation that we have con- 
firmed In a study of the nature of the basophihc bodies that become 
promment m the human liver under pathological conditions, and of the 
factors responsible for their development, the present examination of 
their possible nucleic acid content was earned out 

As long ago as 1913, van Herwerden (7), m a pioneenng study, 
demonstrated that certain basophihc cytoplasmic structures could be 
removed from animal cells by immersmg the sections in a solution of 
“nuclease” prepared from spleen, and offered the observation as evi- 
dence for the presence of nucleic acid in those structures In 1920, 
Walter Jones (8) prepared from pancreas a heat-stable enzyme that 
depolymerized ribonucleic acid, but not desoxyribonucleic acid, and 
m 1938 Dubos and Thompson (11) obtained from pancreas and other 
tissues a heat-stable enzyme, doubtless identical with that of Jones, 
which depolymerized ribonucleic acid and did not affect any other 
substrate, including desoxyribonucleic acid, against which it was 
tested The latter investigators termed the enzyme “ribonuclease ’’ 
Various observations had indicated a relationship between cytoplas- 
mic basophiha and the presence of ribonucleic acid, and Brachet (9), 
m 1940, found that the enzyme prepared by the method of Dubos 
and Thompson removed cytoplasmic basophiha from various cells, 
whereas the nuclear basophiha, associatedwith the presence of desoxy- 
ribonucleic acid, remained unaffected This observation has been con- 
firmed by subsequent investigators in studies of various types of cells 

We therefore sought to deterrmne whether the bodies under present 
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consideration are susceptible to the acbon of nbonudease, as a test of 
their possible ribonucleic acid content 

We have found, as might be expected, that the enzjnne vhen msuf- 
ficiently punfied is unsuitable for the specific histochemical demonstra- 
tion of nbonucleic acid, apparent!}' because of contaimnation vath 
other enzjTnes vhich affect cellular constituents other than nbonucleic 
aad In the expenments reported here, therefore, crystalline nbo- 
nuclease (Worthmgton Biochemical Laboratory, Freehold, N J ) was 
used throughout Wffiile crystallization is, of course, no guaranty of 
chemical punty, this crystalhne product is demonstrably free from 
sources of error that become obxnous when a less punfied preparation 
of the enzyme is used 

The procedure adopted was as follows Matenal from autopsies on 
cases of severe mfection, in which the hver and adrenals exhibited 
well-preserv ed basophilic cj'toplasmic bodies in the routine hematoxy- 
hn-cosm sections was used for study The tissues had been fixed m 
HeU}'’s fluid and embedded m paraffin Freshly cut sections were de- 
paraffinized m the usual manner, the precipitate of mercury salt from 
the fixative was removed with lodme followed by sodium thiosulfate, 
and the sections were thoroughly washed m tap water followed by 
distilled water Shdes having a large well for the test fluids were pre- 
pared by affixing two parallel stnps of glass, cut from a microscopic 
shde, to the surface of another shde, with balsam or Duco Household 
Cement, or bj' fusion m a glass-blower’s flame The glass stnps were 
placed three or four centimeters apart, leavmg a space between them 
adequate to accommodate the length of the section of tissue To facihtate 
handhng, the imder surface of each shde so prepared was cemented 
to a second shde, one end of which projected about two centimeters 
be} ond the correspondmg end of the upper shde 

A solution of crystalhne nbonudease m v'eronal acetate buffer was 
made up freshly immediately before each experiment, m the propor- 
tion of 1 mg of the enzyme to 1 cc of buffer The buffer was prepared 
by addmg 51 parts of ^I/IO veronal to 49 parts of M/10 acetic aad 
The pH of the buffer, as determmed with a Beckman glass electrode 
pH meter, vaned between 6 75 and 6 79 

In the case of each section to be subjected to the enzyme, the nbo- 
nudease solution was placed in the well of a prepared shde, and 
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the slide bearing the deparaflinized, washed section was inverted and 
placed upon the glass stnps that formed the ends of the well All 
air bubbles were removed, and more enzyme solution was added with 
a capillary pipette until the entire well was filled and the tissue sec- 
tion completely bathed in the solution In each case a control was 
prepared by exposing a tissue section from the same block to the 
veronal buffer alone in the same manner The test and control prepara- 
tions were placed m moist chambers m an mcubator at 37° for two 
to five hours, after which the shdes containmg the tissue sections 
were washed thoroughly in runnmg tap water, then washed for 5 
mmutes m each of three changes of distilled water and, finally, were 
stamed with Giemsa, by which the cytoplasmic bodies in question, 
in their unaltered state, are stamed a deep purple 
It was found that whereas the basophihc bodies were unaffected by 
contact with the buffer alone, they were no longer stamable or visible 
in the cells that were exposed to the solution of ribonuclease, indicating 
that the enzyme had depolymerized a ribonucleic acid component of 
the bodies, to which their basophiha is due The desoxynbonucleic 
acid of the nuclear chromatm was unaffected by the nbonuclease, 
and the nuclei of the cells exposed to the enzyme retained their prop- 
erty of becoming brilliantly stained with Giemsa 
The property of trivalent lanthanum ions to combme with nucleic 
acids, forming compounds of very low solubility, was applied by 
Caspersson (10), in 1936, to render cellular nucleic acids in tissue 
sections msoluble, so that they would remain “precipitated” ^n stlti 
when the tissue section was exposed to the action of digestive enzymes 
By this method he was able to study more accurately the localization 
of nuclear nucleic acids Opie and Lavm (15) subsequently used this 
method to render cytoplasmic ribonucleic acid insusceptible to the 
action of nbonuclease We therefore exaimned the effect of lanthanum 
upon the cytoplasmic bodies under present consideration Sections of 
hver and adrenal, the cells of which contained these bodies, were 
deparalfinized and placed in a 0 2 M solution of lanthanum chloride 
(LaCh 7 H 2 O) for three hours at room temperature, after which they 
were washed for 30 mmutes in runnmg tap water, followed by two 
changes of distilled water Control sections, from the same blocks, 
were treated in the same manner with 0 6 M sodium chloride, instead 
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of lanthanum chlonde The sections were then exposed to nbonudcase 
in the manner descnbcd above Giemsa stams showed that whereas 
the nbonudcase completely removed the basophihc bodies from the 
control sections, the bodies in the lanthanum-treated sections were 
dcfinitclj protected against the action of the enzjTne, staining some- 
what less intenselj wnth Giemsa than control sections not exposed to 
the enzjTne, but staining wath clanty This is additional evadence for 
the presence of nbonudeic acid in the cj'toplasmic bodies under con- 
sideration 

Since it has been shown by Dubos and AlacLeod (12) that bactena 
can be robbed of their Grara-positivaty by exposure to nbonudcase, 
indicating that nbonudeic acid is an important component of the 
bactenal substance responsible for Gram-positivatj , sections of hver 
and adrenal containmg the cytoplasmic bodies were stamed wath the 
Gram stain The bodies were not Gram positive This negative result 
IS, of course, no vnhd evidence against the presence of nbonudeic acid 
in the bodies, for it is dear that the Gram-positivaty of bactena depends 
not solely upon the presence of nbonudeic acid, but also upon certain 
other factors that are not understood at present, among them a physical 
factor, for the mere physical disruption of Gram-positive bactena 
sufhccs to render the residue Gram-negative in spite of its content 
of nbonudeic acid, recalhng the loss of acid-fastness bj tubercle bacilh 
that are mechanicallj' traumatized (16) 

DISCUSSIOK 

The funcbonal significance of the basophihc, cjloplasmic bodies that 
are at times so strikingly apparent m the epithehal cells of the hv er 
and adrenal cortex of man, and which were the object of the present 
stud> , is not } et understood We hav^e not encountered them in the 
cells of other glandular organs, even m cases in which they were bnl- 
hant and abundant in the hv'er and adrenals 

It seems dear, from our observ ation of these bodies m pathological 
material over a penod of jears, that severe acute infections provide 
especiallv favorable conditions for their appearance Indeed, the asso- 
ciation IS so close that when these bodies are prominent in the hver 
cells we have become accustomed to suspect a concomitant acute 
infection, and have learned that there is a high degree of probabihty 
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that that surmise will be correct, though infection is certainly not 
essential for their appearance, and they may be mconspicuous, faint 
or absent m cases of severe infection In some of the latter instances 
their absence is probably the result of post-mortem changes that 
lead to the disappearance of the bodies They appear to be highly 
susceptible to autolysis, and eveiy degree of lysis, from loss of capacity 
to stain well to complete disappearance, can be seen in cases m which 
postmortem autolysis is m progress Their fadmg and disappearance 
after the death of the cell is also obvious m freshly dead cells m foci 
of necrosis m hvers in which they are abundantly present and bnlhantly 
stained m the neighbormg non-necrotic cells Smce, in routme autopsy 
material, the adrenal cortical cells commonly show more advanced 
autolytic changes than the hepatic cells, the bodies are, correspond- 
ingly, seen less often and may be less bnlliantly stamed in the ad- 
renals than m the liver Furthermore, it is of mterest that the number 
and size of the bodies m the adrenal cortical cells bear an mverse rela- 
tion to the amount of cortical hpoid The bodies are ordmanly absent 
from cells that are heavily laden with hpoid, even when they are present 
abundantly and bnlhantly in the adjacent hpoid-free cells of the same 
section 

The present studies provide evidence that nbonucleic acid is an 
important constituent of these cytoplasmic bodies In the first place, 
the bodies are basophihc, and there is much accumulated evidence that 
cytoplasmic basophilia is commonly associated with the presence of 
nbonucleic acid, in the second place, nbonuclease, which depoly- 
menzes nbonucleic acid, robs the bodies of their stamabihty by basic 
dyes, and m the third place, lanthanum salts precipitate nbonucleic 
acid, and treatment with lanthanum chloride protects these bodies 
agamst the action of nbonuclease 

Nothing can be stated with assurance at present regardmg the func- 
tional significance of these bodies While they bear some resemblance 
to the famihar “protem storage” bodies descnbed by Berg (3) m the 
normal livers of lower animals, as was stated above, and although both 
types of bodies contam nbonucleic acid, it would be premature to 
conclude that they are identical chemically and functionally In the 
consideration of this pomt it is necessary to recall that the “protein 
storage” bodies are, with regulanty, prominent under normal condi- 
tions m the hepatic cells of the animal species m which they occur, if 
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the diet has been adequate m protein The bodies vnth which we arc 
concerned, on the contrary, are certainly not present, in the form 
desenbed here, with the same regu]ant> under normal conditions, if, 
indeed, they c\er occur normallj We ha\'e examined with care sections 
of the hxer and adrenals from twehc unselected cases m which death 
occurred, in otherwise esscntiaUj normal indixiduals, cither suddenly 
or wnlliin se\eral hours following the precipitating cause In four of the 
cases death resulted from trauma (autops> nos 14S22, 17724, 18153, 
18933), in four, from rupture of a congenital aneuiysm of a cerebral 
arterj (autopsj nos 15513 17589, 18094, 19426), in two, from suiade 
(autops}’ nos 19988, 21692), m one, from anesthesia dunng an opera- 
tion for m}oma of the uterus (autopsj no 18459), and in one case, a 
} oung man apparently m perfect health until he died suddenlv , no cause 
of death was found at autopsy (autopsy no 16312) WTiile m sexeral 
of these cases there w ere in the h\ er cells, small aggregates of cj'toplasm 
which, -when the cells were stained rather hcavil> with the basic d>e, 
exhibited a very famt basophilia, the basophilia was scarce!} , if at all, 
more marked than that of the remainder of the cytoplasm, and far 
from the striking basophilia of the bodies under consideration In none 
of these cases were c} toplasmic bodies of the t>pe under consideration 
detectable If these bodies occur at all under normal conditions in man, 
they must be cxtrcmel} sparse, mconspicuous and of irregular oc- 
currence Under certam pathological conditions, however, the} appear 
in profusion and ivith stnking prominence It would appear, therefore, 
that if the} do exist in the normal h\er and adrenal of man, they must 
exist for tlie most part either as minute forms that are xirtuall} in- 
xasible m ordinary preparations, and which become great!} enlarged, 
wadi a marked mcrease in nbonucleic acid content, under pathological 
conditions, or else the} must axist in some precursor and different form, 
with different staining properties In bemg absent, or infrequent and 
of xerx' irregular occurrence under normal conditions, the} differ from 
the “protem storage” bodies of the lixer cells of lower animals 
.\nother difference resides m the fact that these bodies, w hen they 
arc present in the hirer, are commonl} found, and often in profusion 
m the cells of all zones of the adrenal cortex also, whereas the “protein 
storage” bodies m the hxrers of normal lower animals are not accom- 
panied b} the presence of similar bodies m the adrenal cortex 
In this connection, it is of particular mterest that we ha\e found 
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cytoplasmic bodies of precisely the same appearance, stainmg proper- 
ties and susceptibility to ribonuclease, m the adrenal cortical cells in 
the absence of infection, m two cases of reticular zone hyperplasia 
associated mth the adrenogenital syndrome The basophihc bodies in 
these cases were confined to the hyperplastic reticular zone cells 
In one case (Autopsy No 16090), these cells had crowded out virtually 
aU of the cells of the zona fasciculata and zona glomerulosa, and the 
patient died from cortical insufficiency The bodies were abundant in 
the hyperplastic reticular zone cells None were present in the liver 
In the other case (Surg Path No 49-838), the proliferation of the 
reticular zone cells had replaced the zona fasciculata, but had left the 
zona glomerulosa mtact The h)perplastic reticular zone cells contained 
many basophihc bodies, but none were present m the cells of the zona 
glomerulosa The liver was not available for study in this case The 
adrenal had been removed surgically in an attempt to amehorate the 
condition of the patient 

While, therefore, it is possible that the "protem storage” bodies 
and those under present consideration may be functionally identical. 
It would seem proper, in view of the apparent differences, to study each 
mdependently until further mformation estabhshes their identity or 
non-identity Even if they prove to be identical it is worth pointing out 
that, although the bodies found normally m the lower animals have 
been termed “protem storage” bodies because of the assumption that 
they represent simply a reserve, emergency store of body protem, and 
while them presence is demonstrably dependent upon the mgestion of 
protem, their actual functional significance is not really understood 
In fact, there are good reasons for regarding it as more probable that 
they represent loci of enzyme activity or enzyme synthesis, rather than 
a mere reserve store of protem A vanety of enzymes have been found 
m Claude’s (13) “large granule” cytoplasmic fraction of the rat’s hver 
cells, and that fraction is also rich m ribose nucleoprotems It is true 
that the large granule fraction, which should contain the “protem 
storage” bodies, also contains the mitochondria, and the precise local- 
ization of the enzymes in the different types of granules is not yet 
estabhshed At all events, the fact that the so-called “protem storage” 
granules shnnk and even disappear when protem is withheld from the 
diet IS no proof that these granules are merely reserve stores of protein. 
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ic his iKcn assumed irom this fact The same cfTcct of a protcm-frcc 
diet could be expected if the granules represent loci of cn/xTncs for 
in the absence of dietarx protein, the daiK rcparatixe sxmthesis of the 
protein components of enaxincs x\ould be expected to be impaired, with 
a corresponding progressne diminution in the sire of anx particulate 
cnrxmc aggregate Indeed, Miller (14) has presented cxidcnce that 
dunng a seven da\ fast the catalase, all aline phosphatase, xanthine 
deh\ drogenase and cathcpsin actixitj of rat lix er decrease together xnth 
the loss of liver protein, and that on a low protein diet there occurred 
a decrease in the one hepatic cnzxTne studied (arginase) 

Do the basophilic bodies which become prominent m the human 
Iiv er and adrenal under pathological conditions represent a degenera- 
tive phenomenon, or an expression of an increased actmty of some 
normal function of the cells’ We believe that there are reasons for 
regarding the latter as the more probable ^\’hen thej become prom- 
inent dunng infection, to what particular disturbance caused bv the 
infection is their appearance a response’ It is obvious that the isolated 
effect of each of a vanetv of disturbances that mfcctions bring into 
being can be studied in human pathological matcnal in cases in which 
those indmdual disturbances were produced bv causes other than in- 
fection, and studies of this nature in relation to the bodies under con- 
sideration arc at present m progress in our laboratorv', as is also an 
experimental investigation of other aspects of the chemical nature of 
the bodies, the factors responsible for their development, and their 
possible relation to recognized normal cj toplasmic constituents, such 
as mitocliondna 


CONCLUSION'S 

Under certain pathological conditions there appear in the cvloplasm 
of the epithelial cells of the human liver and adrenal cortex sharpiv 
outlined stronglv basophihc bodies the c-xistencc of which has been 
gcncralh overloot cd Severe acute infections appear to provide a 
particularlv favorable stimulus for their development in both liver 
ard adrenal 

These bodies become prominent also, in the adrenal in assoaation 
with hvperactivntv of the cortical reticular zone accompanied bv the 
admnogcnital svmdrome 
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The full range of conditions under which they occur, or increase in 
prominence, has not yet been defined 
Exposure to crystalhne nbonudease, an enzyme which depolymenzes 
nbonucleic aad, robs these bodies of their basophiha, and results in 
their disappearance m stamed sections, mdicatmg that the> contain 
ribonucleic acid This is further mdicated by the fact that treatment 
with lanthanum chloride, which renders nbonucleic acid msoluble, 
protects the bodies agamst the effect of subsequent exposure to nbo- 
nuclease 

The nature of the residual chemical components of these bodies, their 
functional significance, and the prease conditions responsible for their 
appearance, are problems for further mvestigation 


We wish to acknowledge the helpful suggestions given us dunng the course of this 
work by Dr Norman Weissman 
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EXPLANATION OF ILLUSTRATIONS 
(Photographs by Miss Joan Wheaton) 

All sections were stained with Giemsa, all photographs were taken at the same 
magnification 

Fig 1 Liver from case of lobar pneumonia with abscess formation (Autopsy 
No 21639) The section was treated With veronal buffer before stauimg The cells 
contain many basophilic bodies 

Fig 2 Section of liver from same block as Fig 1, exposed to nbonuclease before 
stainmg The basophilic bodies have disappeared The few dots that remain are 
granules of hemosiderin 

Fig 3 Adrenal from same case as Fig 1, treated with veronal buffer before 
stainmg The cells contam many basophilic bodies 

Fig 4 Section of adrenal from same block as Fig 3, exposed to nbonuclease 
before stammg The basophilic bodies have disappeared 

Fig 5 Adrenal from case of widespread tuberculosis with perforation of ulcer 
of rectum followed by pyogenic pen-rectal abscess (Autopsy No 17013) The sec 
tion was treated with veronal buffer before stammg The basophilic bodies have a 
predominantly peripheral localization m the cells 

Fig 6 Section of adrenal from same block as Fig 5, exposed to nbonuclease 
before stammg The basophihc bodies have disappeared 

Fig 7 Section of adrenal from same block as Fig 3, treated with lanthanum 
chloride before exposure to nbonuclease The lanthanum salt has protected the 
basophilic bodies from the action of the enzyme 

Fig 8 Section of adrenal from same block as Fig 7, treated with sodium chloride 
before exposure to nbonuclease The basophihc bodies have been destroyed by the 
enzyme Treatment with sodium chloride alone does not affect the bodies 
Fig 9 Adrenal from case of reticular zone hyperplasia associated with precocious 
puberty (Surg Path No 48-838), treated with veronal buffer before stammg 
There are many basophihc bodies m the hypertrophied reticular zone cells 
Fig 10 Section of adrenal from same block as Fig 9, treated with nbonuclease 
before stammg The basophihc bodies have disappeared 
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Tigs 3 and 4 
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Recened for publication August 15, 1949 
INTRODUCTION 

The recording of the electrical changes of the brain by electrodes 
placed directly upon the cerebral corte\ has been termed electro- 
corticography '' Although such techniques have been used in animals 
since the beginning of electroencephalography, in man the procedure 
has only recently been carried out evtensively Its use is much more 
limited than electroencephalography, since, when the brain is exposed, 
the lesion is usually apparent Yet electrocorticography has a definite 
place in neurological surgery, being of great value in anatomical and 
physiological studies of the cortex, in the localization of subcortical 
tumors and in the determination of epileptogenous foci 

TECHNIQUE OF ELECTROCORTICOGRAPHY 

In early work (9, 14) the electrodes were merely laid on the cortex 
and not mounted on the skull Surprisingly good records were obtained 
by this technique but the number of electrodes used was usually limited, 
only two being present on the cortex at once For multiple recording 
some type of electrode holder, capable of being firmly clamped to the 
skull, is necessary Several such types of assembly have been employed, 
perhaps the earliest being that used by Jasper (4) There are a number 
of models available at this time, all hax^e similar principles but vary in 
design The one used in this clinic (fig 1) was devised by one of us 
(C M ) and consists of a Incite plate in which 10-16 fine tubular elec- 
trodes are inserted, each upon a universal joint The plate is attached 
to the skull by a clamp Contact with the cortex is made by small 

* Electrocorticography is to be distinguished from recording of scalp potentnls 
(electroencephalograph)d and from the recording from subcortical structures « ith 
needle electrodes 
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Sliver balls mounted on \er3' light springs at the ends of vires floating 
in the tubular probes so that the pressure upon the cortex is alv ax s 
light In some electrodes the cortical contact consists of a vick which 
IS kept moist (4, 14) 1 he electrodes should be freeh moxalile so that 
they ma} be placed at anx point oxer a xxide area of the cortex 
-Uthough a completelx shielded room is desiraiile, electrocortico- 
graph} max be carried out in theordinarx operating theatre x\ith a good 



Fig 1 I'm 1 iFCTKonr IIoidlk 


electroencephalograjih, jiroxadcd a few precautions are obserxed I he 
patient and oiieratnig talile should lie grounded to the electrociuephalo 
graph I lectrosurgical units, elec trie motors and sometimes the eleetrie 
lights of the room must lie disconneeted at the wall plug With these 
special arrangements iisuallv a good record from the cortex max be 
obtained free of artifact If spikes are iiiterferiiig in all tliannels an 
electric motor 10-50 feet .iwaj in an adjoining room max be at fault 
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Occasionally such artifacts are m the line voltage and only with 
difficulty eliminated 

NORMAL ELECTROCORTICOGRAM 

The traces obtained from the exposed cerebral cortex differ from 
those obtained from the scalp m two mam characteristics (11) hirst, 
the amplitude of the cortical activity is 3-4 times greater than when 
sampled through the calvarium and scalp Second, rapid oscillations 
in electrical activity are not distorted in the electrocorticogram and 
hence appear as spikes, whereas in the electroencephalogram inter- 
ference by activity from adjacent areas or distortion by the distributed 
capacity of the intervening tissues may blunt their peaks The char- 
acteristic of the waves must be relied upon in the analysis of the electro- 
corticogram, for obviously, comparisons cannot be made with com- 
parable areas of the opposite side of the head Usually only a part of one 
or more lobes of the brain is exposed so that the actual sampling of 
cerebral activity is from a very limited field even when eight channels 
are used Usually bipolar recording from the brain is found most prac- 
tical (4, 7, 9, 10, 14, 15) for an “indifferent” point may not be in the 
surgical field or may introduce artifactual disturbances 

It has been said that the electrocorticogram is dependent upon the 
cytoarchitectural structure of the cortex and that different areas have 
typical frequencies and patterns (6) In electroencephalography, the 
occipital, posterior parietal and temporal regions have an alpha rhythm 
(8-11/sec) and the frontal regions a beta rhythm (14-22/sec) This 
IS also true for electrocorticography in the absence of general anes- 
thesia, but the frequencies and pattern often change (fig 2), and except 
for a few generalities there cannot be said to be a specific pattern for 
any one area (9, 10) Although at times it may be possible to recognize 
fin area by its rhythm, as a rule, under controlled conditions, such pre- 
diction IS no better than chance 

Anesthesia plays a great role in the characteristics of the electrical 
activity (fig 3) Our experience has been confined to three states of 
anesthesia, local infiltration of the scalp, general ether anesthesia and 
intravenous pentothal anesthesia Ether anesthesia causes a marked 
slowing of the cortical frequencies (9) ivith some increase in amplitude 
(fig 3 C) This IS present in all regions of the brain Such slow activity 
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obscures all normal alpha rln Uim and seems to depress the general 
excitabiht} ot the cerebral cortex so that epileptic discharges are sup- 
pressed and rarel} seen Pentothal anesthesia at least m the surgical 
planes, augments the frequcncx and amplitude from all cortical regions 








.t\.. 


Frc 2 Llcctroci)rticn„'rim of t [)ititnl optriled upon iindLr procimi intiltn 
lion of the 'cilj) to show the ni irkid clnnets in tlic spont inious corticd icti\ it\ 
Note the trinsition from slow irrcftul ir icti\it\ in the fronlnl reemns to remil ir 20 
per second w n cs I he dibree i ilions ire isfollows C precentrd cortex I irontil 
(prefront il cortex) IF inferior front il cortex 1 he iiori/ont il line it tlie In^e ol 
the record mdicntes in interx il of one second, the verticil line i cUibrxtion of 200 
microvolts 


(fig 3 B) It does not seem to depress the cortical actixitx undtilx for 
epileptic discharges ma} still be seen In general the most accurate 
results can l)e ol)tained from electroeorticograplix when the craniotomx 
IS done under local anesthesia, but at times satisfaetorx results mu be 
obtained under general anesthesia In epilepsx when the subjeetixc 
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responses of the patient are important, the bone flap may be reflected 
at a preliminary operation under general anesthesia and the cortical 
exploration carried out a week or ten days later with the scalp anes- 
thetized with procaine 

Morphine, in the doses usually employed to allay anxiety, does not 
seem to depress cortical activity 


A B c 





r I 

Fig 3 Electrocorticograms to show the effect of anesthesia on the trace A 
Procaine used for anesthesia of scalp B Pentothal sodium intra\ enouslv C 
Ether The abbreviations used are as follows A S , anterior Silvian cortex, C, 
precentral cortex, F, frontal (prefrontal) cortex, HB , heart beat, I C, inferior 
cortex, P C , postcentral cortex, P S , posterior Sylvian cortex, S, Sjlvian cortex, 
S S , superior margin of Sylvian fissure, S 1 , superior temporal gyrus 

The x'ertical lines at the base of the traces indicate a calibration of 200 micro 
volts, the horizontal line at the bottom of the second trace indicates intervals of 
one second 

Electrocorticography is subject to two influences not encountered in 
electroencephalography, which may produce artifacts in the traces 
namely, brain pulsations due to respiration and cardiac action On the 
other hand, muscle artifacts rarely are encountered in electrocortico- 
graphy The spiky waves produced by vascular pulsations may be 
recognized by their regularity and time relationships to an EKG put 





350 


CURTIS MARSHALL AND A EARL WALLER 


The study of fiber pathways, using strychnine neuronography has 
not proved very valuable m man The strychnine spiking is rarely well 
developed in man and usually may be obtained only from a small area 
about the site of the application of the drug Rarely does it give rise to 
spiking m areas farther than a few millimeters from this locus A num- 
ber of other analeptic drugs have been placed upon the human cortex 
with similar disappointing results Metrazol, which fires the macaque 
cortex for 15 to 20 minutes is practically ineffective m evoking spike 
potentials in the human cortex unless an epileptic focus is present 
Picrotoxm, if injected intracortically, may induce spike potentials but 
the technique has not been used to any great extent It would seem that 
the present methods of neuronography m man are unsatisfactory 
Perhaps some modifications will give more fruitful results 

Physiological observations of human cortical function are being made 
at the present time by an analysis of the cortical responses along the 
lines that Bishop and others have used in lower animals The sub- 
cortical spontaneous epileptic spike may be used to study the cortical 
response m man (3) Other physiological studies have confirmed for 
man the applicability of phenomena previously shown m lower animals 
such as cortical extinction following a convulsive seizure 

LOCALIZATION OF TUMORS 

Foerster and Altenburger (2) in 1935 showed that a tumor exposed 
at operation has no electrical activity but that compressed or infiltrated 
cortex at the margin of the neoplasm has abnormal activity character- 
ized by slow waves The preoperative localization of brain tumors on 
the basis of such delta activity is of great value to the neurological 
surgeon, but once a bone flap has been made the tumor is usually visible 
Obviously electrocorticography is of little value m such lesions, but 
at times it may aid m the localization of a subcortical lesion (14, 15, 
16) Slow waves interfering with normal frequencies usually indicate an 
underlying lesion (Fig 5) Such slow waves may have a frequency of 
a half to two per second and an amplitude of 100 to 200 microvolts 
A series arrangement of bipolar recording electrodes will enable a pre- 
cise localization by determination of out of phase activity This tech- 
nique IS applicable both to tumors of the cerebral hemispheres and 
cerebellum (Fig 5A and 5B) Our limited experience with electrocortico- 
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electrical stimulation, (3) production of a long lasting after-discharge 
or (4) the initiation of spiking by local or systemic administration of 
metrazol 

Focal spontaneous sptktng In epileptics, the spontaneous electrical 
activity of the cerebral cortex has no constant pattern The predom- 



Fig 6 Photograph of the exposed brain of a patient suffering from posttrau 
matic epilepsy The scar and initial electrode setting are show n 


inant frequency varies from approximately 1 to 26 per second, but 
usually falling m the 8 to 1 1 per second range About a scar, slow wave 
foci are consistently found (8) but are considered to be indicative of 
brain damage and not of epileptic activity From the cortex adjacent 
to a scar, focal spontaneous electrical alterations, such as isolated 
spikes, bursts of spikes or spiky waves are present in approximately 
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seconds The electncal activity of the cortex and the motor and sensory 
responses are recorded If no change is noted in the electroencephalo- 
gram after one minute another point is stimulated and so on until the 
entire cortex is mapped The motor cortex can usually be located in 
this manner without provoking a convulsive seizure A more accurate 
mapping of the motor responses may then be carried out Stimulation 



Fig 8 The electrodes were grouped about the suspected epileptic area as shown 


of the spiking area usually induces the patient’s aura with or without 
a clinical or electrocorticographic seizure 

Production of a long lasting afler-dischatge Occasionally an after- 
discharge occurs for a few seconds at the point of stimulation Such a 
short lasting response up to 10 seconds is considered physiological 
However, when the area spontaneously firing is stimulated with a cur- 
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rent too weak to elicit a response from normal corte\, a long lasting 
after-discharge usually occurs If spontaneous spiking is not present, 

after stimuution medial to rOlNT I 




4 1 f , 4 1 

1 MINUTE AFTER STIMULATION 


2 MIf UTES AFTER STIMULATION 
J-'~^ 




LEFT HAND TV.tTCHING 


Fig 9 Elcctrocorlicograms at intcmls after stimulation of point 1 showing 
the focal after-disdiarge 


generally an area of cortex, adjacent to the scar in posltraumalic 
epilepsy can be found which, wdicn stimulated, causes a long lasting 
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spiky discharge In one case this epileptic discharge lasted as long as 
28 minutes Durmg this tune the cortical activity of surrounding areas 
of the bram remained normal Durmg the period of focal epileptic dis- 
charge the patient thought he was quite normal and to all outward 
appearances seemed his usual self He responded to sunple questions 
and carried out simple commands and ari thm etical problems Only if 
the stimulation and after-discharge are m the motor areas or associated 
with an aura does consaousness appear to be impaired 
With the after-discharge there may or may not be the sensory or 
motor phenomena such as characterized the aura of the patient’s 
attack Of 33 cases, so activated, 13 had no clinical phenomenon with 


4 MINUTES AFTCK STIMULATION 
45 . 



Fig 10 The after-discharge spreads as the patient feels the aura and the seizure 
begins The last trace shows the absence of after-discharge following the cortical 
resection 


the after-discharge The remamder had sensory or motor focal mani- 
festations which progressed m seven cases to a generalized seizure The 
majority of the 13 cases having no motor or sensory phenomena asso- 
ciated with the after-discharge had no aura with their spontaneous 
attacks 

The after-discharge shows a tendency to build up durmg the first 
ten seconds and then assumes a fairly constant pattern The frequency 
of the spiky waves decrease as the amphtude mcreases durmg the 
buildup This IS also true of the endmg of the after-discharge The 
pattern after the mitial state may assume almost any form, but usually 
the hypersynchrony can be classified mto one of five types (1) spikes, 



ELECTROCORTICOGRAPHY 


357 


(2) saw tooth phenomena, (3) spike and dome forms, (4) phasic waves 
and (5) dicrotic ■v\a^es and spikes These forms may be continuous or 
paroxysmal, and/or regular or random 
Iiutialion of spthng by local or syslcmic admmstration of viclrazol 
In the earl}’- explorations, when spontaneous cortical spiking was not 
evident, small amounts of metrazol were injected intrax enously to 
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Fig 11 Elcctrocorticograms showing the acti%ating cficct of a small amount 
of metrazol on a cotton pledget placed on an epileptogenic focus In spite of the 
marked spiky acbvity the patient bad no sjTnptoms or signs of neurological dv's 
function 


imtiate the abnormal cortical actixnty Our fear of the mduction of a 
generalized seizure led us to abandon tins technique We discovered 
later that the foci in cxpenmental epilepsy are hjpersensituc to the 
local apphcation of metrazol In man we find that the mtracortical 
mjection of 0 1 cc of the usual metrazol solution produces no electro- 
corticographic changes in normal brains But in epileptic foci even this 
small amount will initiate self-propagated discharges In some cases 



358 


CURTIS MARSHALL AND A EARL WALKER 


this technique gives highly satisfactory results but m other cases the 
areas adjacent to the real epileptic focus appear to be as hypersensitive 
to metrazol as the focus so that a clear-cut localization is not obtained 

SUMMARY 

Electrocorticography may be earned out in the ordinary operating 
room if certain precautions are taken 

Anatomical and physiological studies of the cerebrum are quite 
feasible m man The sensory representation has been studied by evoked 
potentials Many characteristics of cortical physiology, especially asso- 
ciated with convulsions, may be explored by electrocorticography in 
man 

Subcortical brain tumors may be locahzed by the presence of slow 
wave activity over the tumor 

Electrocorticography is particularly valuable in the localization of 
epileptic foci Cortical exploration should be earned out under local 
anesthesia The epileptogenic focus may be determined by (1) focal 
spontaneous spiking (2) induction of a convulsive aura by the elec- 
tncal stimulation of the cortex (3) production of a long lasting after- 
discharge and (4) by the initiation of spiking by local or systemic 
administration of metrazol 
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In recent years much mformation has been accumulated on chemical 
changes which accompany growth and differentiation of the organism 
and its constituent tissues To carry out such studies it is necessary 
to employ animals at various stages of development m order that 
progressive periods of morphological differentiation can be correlated 
with quantitative chemical determmations Developing cartilage and 
bone, however, are unique among tissues in that all stages of their 
development may be found in a smgle specimen whether it be removed 
at an appropriate time m utero, at burth, or thereafter durmg the stage 
of active growth Such tissues are therefore eminently suited for cor- 
relatmg the morphological alterations with the chemical changes which 
take place durmg growth and differentiation In certam mstances, of 
course, quahtative histochemical reactions may be employed and are 
useful (1) Such techniques are sometimes open to cnticism, however, 
we have therefore turned to more quantitative techniques 

The present paper, which is the first of a senes on the biochemistry 
of developmg cartilage and bone, will describe the general method and 
its apphcation to the study of one enzyme, alkahne phosphatase 

GENERAL METHOD 

Two requirements must be met before utihzmg the method to be 
descnbed below First, the specimen must be large enough to furmsh 
sufficient matenal for chemical analysis Second, the entue hne of 
ossification must be m as level a plane as possible In the specimens of 
cartilage and bone which have been studied the nbs from man and dog 
f ulfill these two cnteria Long bones cannot be used smce the diaphys- 
eal portion of the cartilage is concave 

* Aided by a grant from Mead Johnson and Company 
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The method consists m making horixiontal slices of vaonng thickness 
through the cartilage m a plane parallel to the costochondral junction 
One half of each slice is used for chemical stud\ the opposite half is 
prepared for histological evamination 

Slices are cut on a Spencer A.utomatic Clinical Microtome (Xo SSS) 
nhose knife clamp has been rcmo\ed and replaced b) a horizontal 
plate to which is fixed a razor blade (Durham-Duplex) (Fig 1) \n 
object clamp (Spencer Xo SSS) replaces the carbon dioxide freezing 



Fig 1 MicrotoniL a^-Lmbh slioiMne phU which i- O'Neil to hold thi nzor hlidt 
m an lion^ont d plane 

Fig 2 Schim itic rtprc-cnlalion of slicing uclinuiut Iloru’ontal cut*, arc made 
three quarter' or more through the cartihec I he finil acriird =hct frctblht Hg 
nientb on the right for clicmicil inali'i' while tho'c on the kit arc held together 
in one piece In the uii'liced cartilige it the extreme left 

stage The rib is tlamptd b\ the shaft m a \crtical position with the 
line of ossification m as hori/ontal a plane as possible 1 Ins max be 
facilitated bx transillumination ol the region 1 lie cartilage is cleaned 
of anj adhering muscle or fat 1 he razor Idade is then brought lex cl 
xxith the line of ossification and depending on tlie desired thickness 
the stage is ioxxcred bj the xcrtical feed serexx fora distance correspond- 
ing to the thickness of and number of slices desired W Itilc the cartilage 
IS steadied bj manual countcrjxrcssurc the blade is brought complctclx 
across the cartilage The x^ertical feed screw is then turned and the 
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required number of slices of known thickness are made three quarters 
through the cartilage and on down to and including the cartilage shaft 
junction When these transverse cuts have been completed, a mid- 
longitudinal slice is made from the free end of the cartilage down into 
the shaft (Fig 2) This frees each slice nearest the blade, the fellow 



Fig 3 Cartilage cells from various regions of differentiation. A, most undiffer- 
entiated, D, hypertrophic, most fully differentiated cells See te\t for further ex- 
planation 


of each of these is held to the others by the remaining quarter which 
has not been sliced The free halves are placed serially in a Petri dish 
and weighed on a torsion balance either immediately or after drying at 
105°C The entire hemisection of partially sliced cartilage is fixed in 
any desired solution and prepared for histological examination in the 
usual way, thus providing a series of segments separated by the in- 
cisions made by the razor blade 
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Regions of the cartilage have been graded B, C and D depending 
on their degree of maturation The cells in each of these 4 regions are 
shown in Figure 3 Region A. is composed of the smallest, most un- 
differentiated cells In region B the cells have become larger and are 
found in pairs, the cells in this region are undergoing dmsion In 
region C the cells are larger and ha^ e arranged themseh es into row s 
Region D consists of hj'pertrophic cells just abo\e the invading blood 
vessels In the present paper and those which will follow the slices which 
are studied wiU not necessanh consist entirelj of each of these regions 
There naturall}’' is overlapping and the grading which is gnen is an 
average 

METHOD FOR PHOSPIIVTASE \CTI\ITY 

Slices are placed immediatel}' without weighing in small serological 
tubes containing 5 % beta gljcerol phosphate solution buffered with 
sodium barbital at pH 10 9 The> arc shaken for 2 hours in a water 
bath maintained at 37°C \ftcr the slices ha\c been rcmo\cd, 10% 
trichloracetic acid is added and the phosphorus content of an aliquot 
determined by the method of I iskc and Subbarow (2) The slices are 
dried at 100°C and weiglied on a torsion balance I he alkaline phos- 
phatase activity IS expressed as milligrams phosphorus liberated in an 
hour per gram of dried tissue 

In the determination of periosteal phosphatase actixuty the pleura is 
removed from the inner surface of the rib and small segments of peri- 
osteum are stripped from the undcrl} ing cortex 1 hese arc treated m 
the same x\ay as arc the cartilage slices described abox^c 

For the histological demonstration of alkaline phos[ihatasc actixity 
the technique of Gomori (3) has been applied to undccalcified sections, 
using 2 preparations one incubated with gljccrol phosphate and both 
then stained with silx^cr nitrate 

RESULTS 

In Table I is shown phosphatase actnut}' at x^arjung lex'clsof differen- 
tiation (rated A to D) in the costal cartilage of the dog 1 here is slight 
yet definite activity in the zone of undifferentiated cells, as the region 
of hjrpertrophic cells is reached, a sudden increase m enzyme actixuty 
occurs Quantitatix'e x'alues of periosteal phosphatase actixuty are like- 
wise showm m lable I 



TABIE I 


Corrclahon Belween Cartilage Cell Differentiation and P asc icticity* in t'le Dog 


KUM 

BER 

P \SE ACTIVITY* VERSUS WFFERENTI \TIOV OF CVRTILAGE CELLS 

P ase 

\CT1\ 

mt IN 
PERIOS 
TECil 

Slice 1 

2 

3 

4 

5 

6 

1 

1 1(A) 

2 7(A) 

3 8(A,B) 

1 

8 0(B,C) i 

20 S(C,D) 

33 7(D,St) 

9 4 

2 

5(A) 

5(A) 

5(A) 

2 0(A,B) 1 

7 8(C) 

21 3(D) 

6 1 

3 

5(A) 

5(A) 

5(A) 

8(A) 1 

2 6(B,C) 

13 0(C,D) 

6 5 

4 

8(A) 

8(A) 

8(A) 

9(A) 

2 S(B,C) 

6 4(C,D) 

4 0 

5 

2(A) 

2(A) 

7(A) 

15(B) 

3 0(B,C) 

3 8(C) 

2 9 

6 

2(A) 

2(A) 

4(A) 

7(B) 

3 6(C) 

8 1(D) 

4 8 

7 

2(A) 

2(A) 

2(A) 

3(A) 

1 8(B,C) 

3 9(C,D) 

2 0 

8 

3(A) 

3(A) 

5(A) 

5(A,B) 

3 0(B,C) 

8 7(D) 

3 2 

9 

2(A) 

3(A) 

3(A) 

4(A) 

4 0(B,C) 

4 2(C.D) 

2 0 


* Expressed as Mg P liberated by 1 gram drj cartilage or periosteum per hour 
t S — Shaft of rib 


TABLE II 


Correlation Betueen Car/j/a^e Cell Dtjfercnltalton and P ase Activity* in Children 





P ASE ACTI\ m • 

MRSUS DIFFERENTIATION OF CVRTILAGE CELLS 

P ISE 
\CTI\ 
IT\ 

^ 1 
bl 1 

s 

ACE 

DIAGNOSIS 




Slice 



D 

2 , 



1 

2 

3 

4 

5 

6 

TEU\t 

669 

3 mo 

Bronchiectasis 

1 0(A) 

1 0(A) 

1 0(A) 

2 0(B) 

12 6(B C) 

24 5(C D) 

10 2 

648 

3 mo 

Pneumonia 

1 1(A) 

12(A) 

14(A) 

3 0(B) 

10 0(C) 

14 6(D) 

’ / 

6d3 

3 mo 

Cardiac hyper 
trophy 

4(A) 

6(A) 

9(A) 

5 1(B) 

6 7(C) 1 

1 

8S(D) 

3 2 

649 

6 mo 

Cong Mai 

Heart 

5(A) 

o(A) 

5(A) 

19(B) 

7 4(C) 

10 1(D) 

3 3 

/02 

6 mo 

Obstruction 

Trachea 

5(A) 

5(A) 

5(A) 

15(AB) 

3 1(B C) 

9 6(C D) 

: 9 4 

712 

9 mo 

Hydrocephalus 

6(A) 

8(A) 

6(A) 

8(AB) 

2 9(B C) 

4 9(C D) 

2 3 

/27 

15 mo 

Cong Mai 

Heait 

4(A) 

4(A) 

4(A) 

4(A) 

6(B) 

11 3(C D) 

; ^ 

765 

2 yr 

Cong Afal 

Heart 

3(A) 

3(A) 

4(A) 

4(A) 

l’(B) 

/ 0(CD) 

2 8 

671 

3 yr 

j 

Cong Mai 

Heart 

4(A) 

5(A) 

8(A) 

/(A) 

1 5(A B) 

9 2(C D) 

j 6 

674 1 

3yr 

Hydrocephalus 

* I 3(A) 

1 4(A) 

1 3(A) 

2 )(B) 

2 4(B C) 

18 0(D SI) 

— 

/25 

3 yr 

Neuroblastoma, 

6(A) 

6(A) 

6(A) 

6(A) 

2 3(B C) 

4 7(CD) 

4 8 

748 

3 >r 

Cong Mai 

Heart 

2(A) 

2(A) 

3(A) 

3(A) 

6(B) 

4 9(CD) 

3 / 

719 

4 yr 

Meningitis 

4(A) 

4(A) 

4(A) 

4(A) 

14(B C) 

6 3(D) 

3 0 

763 

1 6 yr 

Cong Mai 

Heart 

3(A) 

3(A) 

3(A) 

3(A) 

3(A B) 

1 -(C) 

3 0 

718 

7 yr 

Poliomyelitis 

4(A) 

4(A) 

4(A) 

4(A) 

I5(B C) 

4 8(C D) 

2 4 

733 

7yr 

Cong Mai 

Heart 

4(A) 

5(A) 

5(A) 

1 a(B C) 

! 9(C D) 



663 

12 >r 

Hydrocephalus 

1(A) 

2(A) 

12(B) 

1 5(B C) 

2 3(C D) 

— 


704 

U yr 

Rheumatic Ht 

Dis ' 

4(A) 

4(A) 

4(A) 

17(B) 

0 6(U 

4 3(D St) 



• Expressed vs Mr P liberated by 1 sram dry cartilage or periosteum p r hour 
j S — Shaft of nb 
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In Table II are summarized values of phosphatase activity at \ ar> - 
mg levels of cartilage cell differentiation and in the periosteum of a 
group of children dying of a variet}’^ of causes These data indicate the 
variability m quantitative results which are encountered A.ge as well 


PHOSPHATASE 

ACTIVITY 



Fig 4 Qumtititn c % alues of phobphita^c actn lU m llit costal cartilage of a 
child (712) compared Mith lower power microscopic sections from the same re- 
gions A and B arc serial sections, section B was incubated with ghcerol phosphate 
for 2 hours Both were then stained with sihcr nitrate Isote darker /one in B 
Areas of lime s ilt deposition naturalK stain black m both 


as the state of nutrition appear to have an effect on the \ alues which 
have been obtained Because of this variability, observations such as 
these would seem to have little significance in comparati\e studies of 
the cartilage of children They, of course, do confirm m a quantitatu e 
way the high concentration of phosphatase at the costochrondral 




Bronchogenic Carcinoma 
Carcinoma Prostate 
Subdural Hematoma 
Nodular Cirrhosis 
Generalized Arteriosclerosis 
Carcinoma Breast 
Cong Heart Disease 
Meningioma 
Acute Pancreatitis 
Glioma 

Sarcoma Involving Vertebrae 
Bronchogenic Carcinoma 
Carcinoma Cervix 
Carcinoma Cervix 
Vascular Nephritis 
Myeloid Leukemia 
Adhesive Pericarditis 
Thrombosis Portal Vein 
Peritonitis 


* Expressed as Mg P Released Per Hour Per Gram Dried Tissue 

junction Values of periosteal activity in this group of children are also 
shown in Table II Figure 4 illustrates the correlation between morpho- 
logical differentiation, histochemical demonstration of phosphatase ac- 
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tmty and quantitative chemical determination of enzyme activity 
Such a companson reveals that there is chemical evidence of enzyme 
activity m the zone of undifferentiated celb though such may not be 
demonstrated by the histochemical method which has been used 
Figure 5 shows the distnbution of phosphatase activity by histo- 
cheimcal techmque 

Values of phosphatase actmty from the penosteum of a senes of 
adults d 3 nng of a vanety of causes are shown m Table III With certam 
exceptions these values tend to be fairly uniform and group themselves 
about an average of 8 mg P released per gram of dry tissue per hour 
The exceptions are cases No 723, No 724 and No 746 The first 
(No 723) was a pecuhar tumor of the mediastinum with involvement 
of the vertebrae The serum calcium and phosphorus values were 113 
and 5 1 mg percent respectively Case No 724 was a squamous cell 
carcmoma with local mvasion, the cause for the elevation of phospha- 
tase activity IS not clear Case No 746 died of chronic renal m- 
suf&ciency on a vascular basis, serum calcium and phosphorus values 
were 7 8 and 6 6 mg percent respectively The increased penosteal 
phosphatase activity m this case does not come as a surprise in view 
of the histological changes which may be encountered m the skeletal 
tissues of mdividuals with renal disease (4) 

DISCUSSION 

Little discussion is necessary regarding the general method which 
has been employed m this study It is, of course, a vanant of the 
techmque which Lmderstrom-Lang (5) has utilized so profitably We 
are more fortimate, however, that, as a result of the architecture of 
cartilage, smgle shces rather than alternate ones may be used for both 
chemical and histological study 

Smce the demonstration of alkahne phosphatase in skeletal tissues 
by Robison (6) m 1923, an extensive hterature dealmg inth the r6Ie 
of this enzyme m the mechamsm of calcification has accumulated It 
seems unnecessary to review at this time the details of this controver- 
sial subject, recently so well covered by Moog (7) and Roche (8) 

The observations which we have presented on the quantitative m- 
crease m phosphatase activity m direct relation to differentiation and 
maturation of cartilage cells confirm and amplify the data which have 
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been reported on cartilage and bone of man (9) and the rat (10) and of 
explanted avian bone (11) In addition they provide confirmation and 
place the quahtative observations obtamed by histochemical tech- 
niques (12, 13) on a firm quantitative basis 
Alkahne phosphatase activity in penosteum was observed histo- 
chenucally by Robison (14) early m his studies on this enzyme As 
a matter of fact to Robison rather than to later workers should go 
the credit for the histochemical demonstration of phosphatase activity 
Other more elegant procedures on tissue sections have, of course, 
confirmed the presence of phosphatase activity m periosteum How- 
ever to our knowledge no attention has been given to the quantitative 
measurement of penosteal enzyme activity We have felt that this 
tissue provides the purest culture of osteoblastic cells obtamable, there 
IS httle reason not to assume that stops of periosteum will reflect the 
activity of osteoblasts m general The reservation must be made, of 
course, for local mcrease m activity about fractures, tumor metastases, 
etc We are at present carrying out a senes of observations on periosteal 
phosphatase activity in disease in order to amphfy the matenal pre- 
sented in Table III Such data, when augumented by studies on serum 
calcium, phosphorus concentrations and phosphatase activity should 
prove most interesting 


STJMMARV 

A method is descnbed with which to correlate the morphological 
and chemical changes which take place m the normally differentiating 
costal cartilage of the dog and man 

Quantitative values of alkaline phosphatase activity in costal carti- 
lage of these two species have been correlated with the degree of differ- 
entiation of the cartilage cells 

Quantitative data on alkahne phosphatase activity m the periosteum 
of normal dogs and children and adults commg to autopsy are pre- 
sented 
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Urinary excretion of abnormal quantities of creatine is a recogmsed 
concomitant of a variety of pathological states Since the ultimate 
composition of urine is regulated by the kidney, it is useful to consider 
the causes of creatmuna in terms of renal function 

Modern concepts define two factors which determine the unnary 
excretion of substances not secreted by the renal tubules (1) the 
rate of glomerular filtration and (2) the rate of tubular reabsorption 
In these terms creatmuna occurs whenever the creatine tubular load 
(mg creatine filtered by the glomeruh per mmute) exceeds the creatine 
reabsorption rate (mg creatine reabsorbed by the renal tubules per 
minute) This disproportion might result from mcreased tubular load, 
decreased reabsorption rate or a combination of both 

Tubular load is the mathematical product of the glomerular filtra- 
tion rate and the concentration of creatine m plasma, its augmentation 
would depend on an increase m one or both of these factors Since 
significant acceleration of the glomerular filtration rate has not been 
observed m man in circumstances associated with creatmuna, exces- 
sive creatine tubular loads must in most instances, therefore, reflect 
elevated plasma creatine concentrations Factors which might in- 
crease the quantity of circulating creatine are presented in Table 1 
(I, B), essentially, these are the conditions which Hunter suggested 
might produce creatmuna (19) 

Factors which determine tubular reabsorptive rate for creatine 
are httle understood The sole example of modification of this function 
has been demonstrated m the dog infused with glycme (32) 

1 Work done under a contract betw een the OfiBce of Naval Research, U S Navy 
Department, and the Johns Hopkins University 

2 Presented m part at the annual meeting of The American Society for Chnical 
Investigation, May 3, 1948 
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Classical examples of creatmuna m man occur m such diffuse dis- 
turbances of muscle as the muscular dystrophies Hon ever, creatmuna 
IS assoaated with a number of circumstances apparently unrelated to 
massive muscular disease It was the mam purpose of the study re- 
ported here to detemnne whether or not, m these latter arcumstances, 
modification of tubular reabsorptive activity contnbuted to the ap- 
pearance of creatmuna Measurements of renal function with respect 
to creatme were performed, therefore, under the foUowmg conditions 


TABLE 1 


Causes of Crealtnuna 
Expressed m Terms of Renal Funcbon 


ocncAL rncAXOTEs 


I Increased tubular load of creatme 
A Accelerated glomerular filtrabon rate 
B Elevated concentrabon of serum crea 
tme 

1 Exogenous source of creatme 

2 Accelerated synthesis of creatme 

3 Extrusion of mtracellular creatme 


4 Inadequate disposibon of creabne 
n Decreased tubular reabsorpbve rate of 
creatme 

A Compebbve blockmg of tubular mecha- 
nism 

B Basis unknown 


None 


Ingesbon (31, 37) 

Ingesbon of precursors (4) 
Meth> Itestosterone (39) 

Acute denervabon atroph> (12) 
? Starvabon (3) 

? Acute immobihsabon (7) 
Muscle lack (this paper) 


Hj-perammoaademia (32) 


Desoxycorbcosterone 
Thjioid substance 
Puerpenum 
Cushmg’s ^mdrome J 


Hthis paper) 


(1) dunng the puerpenum, (2) m thyroid disease, (a) dunng the 
early response to thyroid substance by hypothyroid subjects, and (b) 
m hyperthyroidism, (3) m Cushmg’s disease, (4) dunng prolonged 
adnnmstration of desoxycorticosterone acetate (DCA)® and (5) durmg 
admmistration of methyltestosterone (MT) ■’ 

’Percorten, generously supplied by Ciba Pharmaceutical Products, Inc, 
Summit, New Jersey 

* Generously supphed by Schermg Corporation, Bloomfield, New Jersey 
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A second possible basis for creatmuna is reduction in total musde 
mass leading to inadequate disposition of creatine (Table 1 I, B, 4) 
Prior clinical examples of this type of creatmuna are in the mam 
inconclusive because of the coexisting factor of progressive muscle 
wastmg As a first approximation of the role of musde lack in spon- 
taneous creatmuna, a study was made, therefore, of two patients with 
extensive loss of muscle mass due to obsolete anterior poliomyelitis 

I CREATINURIA DUE TO DIMINISHED TUBULAR REABSORPTION 

The role of the renal tubule was evaluated by simultaneous measure- 
ments of renal clearance of creatine and the glomerular filtration 
rate in certain circumstances associated with creatmuna 

The procedures for the detemunation of renal function were per- 
formed with the subjects m the post-absorptive basal state Unne 
collections were obtained by catheterization of the patients and by 
voluntary voiding by the normal subjects, collection penods were 
approximately 20 rmnutes each Adequate unne flows were insured by 
administermg water perorally A sample of venous blood was obtained 
once dunng each penod In one subject from whom samples of both 
arterial and venous blood were obtained, creatine concentrations were 
identical within the limit of error of the method The concentration of 
the appropnate solute at the midpoint of the period was obtained by 
inspection of the curve formed by plotting the loganthm of the concen- 
tration of the solute m serum against time ® The glomerular filtration 
rate was determined by calculating the clearance of inulin, mannitol or 

UV, 

of sodium thiosulfate from the expression C = where C is the 
glomerular filtration rate (ml /mm ), U is the concentration of the 

^ Renal clearance of the endogenous chromogen giving the Jaffe reaction (“crea 
tinme” clearance) is a function of the glomerular filtration rate Since inuhn 
clearances were determined on the basis of a falhng serum concentration, while 
“creatinine” clearances were determined on the basis of a constant endogenous 
serum concentration, variations in urine flow would be expected to disturb the 
“creatinine” clearance inulm clearance ratio if so-called renal delay tune were a 
factor of practical import However, in the observations reported here, the ratio 
of “creatinine” clearance to inulm clearance was constant and mdependent of 
urine flow dunng short-term measurements in a given subject Renal delay time, 
therefore, has not been considered in calculation of clearances 
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solute m unne (mg /ml ), P is its concentratioii m serum (mg /ml ), 
and V IS the rate of unne flow (ml /min /I 73 m- body surface) 

Clearances of muhn and of manmtol were determmed after a smgle 
mjection Clearances of sodium thiosulfate were determmed durmg a 
constant infusion Chemical methods were those of Hamson for m- 
uhn (15), Smith for manmtol (35) and Newman for sodium thiosulfate 
(27) 

Creatine clearances (Cc) were determmed dunng nsmg serum con- 
centrations before and after oral admimstration of 20 to 25 g of 
creatme Analyses for creatine and creatimne were performed accordmg 
to the method of Peters (29) 

Smce there is analytical error m the measurement of the rate of 
excretion of small amounts of endogenous creatme dunng acute tests 
of renal function, these data were checked, as a first approximation, 
in the case of one subject (B R) by expressmg the creatme excretion 
rate, determmed durmg an acute test, as a 24-hour output and com- 
parmg it with the known output of creatme durmg the day precedmg 
the test When it is considered that renal clearances were performed 
under basal conditions, these values, presented m Table 2, are m vir- 
tual agreement and support the vahdity of the method 

From raw data were denved the followmg 

(1) The ratio, creatme clearance glomerular filtration rate, Cc/C 
This represents the proportion of filtered creatme which is excreted 
in the urme, that is, it is equal to the creatme excretion rate divided 
by the tubular load of creatme (wde infra) 

(2) The proportion of filtered creatme which is reabsorbed, (1 — 

Cc/C) 

(3) The tubular load of creatme, or the rate at which creatme is 
filtered through the glomerulus Pc X C, where Pc is the serum con- 
centration of creatme (mg /ml ) 

(4) The creatme excretion rate Uc X V, where Uc is the concentra- 
tion of creatme m the urme (mg /ml ) 

(5) The creatme reabsorption rate, or the difference between the 
tubular load and excretion rate Tc = (Pc X C) — (Uc X V), where 
Tc IS the creatme reabsorption rate The same value is, of course, 
obtamed as the product of the tubular load and the proportion of 
creatme which is reabsorbed Tc = (Pc X C)(l — Cc/C) Smce area- 
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tine reabsorption rate, particularly at endogenous loads, was calculated 
as the relatively small difference between two much larger terms 
rehance cannot be placed on its absolute value For this reason, tubular 
activity was assessed as a function of Cc/C (Table 4, column 8 and 
Fig 1) 

When increments m tubular load of creatine no longer result m an 
increased Tc, the rate of maximum tubular reabsorption of creatine, 
(Tmc), has been reached 

Implicit m the calculation of the renal clearance of creatine is 
the assumption that all of the creatine in serum is free to be filtered 
through the glomeruli If this assumption is incorrect, alterations in 
diffusibihty of creatine may alter the apparent tubular reabsorption 
The essential validity of the assumption, however, has been estab- 
hshed by the demonstration that creatine was distributed uniformly 
between serum and certain extracellular fluids, as indicated in Table 
3, and by the fact that the creatine concentration in anerobic ultra- 
filtrates of serum, separated by the technic of Lavietes (20), was 
found to equal that m serum water 

In 79 urme-collection periods the endogenous “creatmine” clearance 
was compared to the muhn clearance The ratio of these clearances 
was independent of the rate of urine flow which varied over twenty- 
fold and was constant in a given subject during any series of unne- 
collection periods Sixty-five of the 79 clearance ratios (82 per cent) 
differed from their mean by no more than 10 per cent This constancy 
is considered evidence for the accuracy of urine collections It is 
apparent that, by the nature of the experimental procedure, inaccurate 
urine collections would produce divergent errors m the detemunation 
of creatme clearance (performed dunng nst7ig serum concentration) 
and the glomerular filtration rate (performed during falling serum 
concentration of inulm or mannitol) and render the ratio Cc/C vir- 
tually meaningless 

Tubular reabsorphon of creatine in the normal Renal clearances of 
creatine were measured on four occasions in two healthy young women 
The results appear m Table 6 and, in part, m Figure IB In agreement 
with the observations of Tierney and Peters (37), no creatine appeared 
m the unne when the serum concentration of creatme was less than 
0 5 mg /lOO ml , and creatinuna always occurred when the serum 
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concentration exceeded that value Despite the achievement of tubular 
loads which were 25 to 90 times greater than the endogenous load, no 
Tmc was demonstrated, i e , the tubular reabsorptive mechamsm 
was not saturated The highest creatme reabsorption rate observed m 
each of the four experiments vaned from 9 1 to 23 0 mg /mm /I 73 m* 
The ratio, Cc/C, tended to become constant at high creatme loads, 
approximately assoaated with concentration of serum creatme m 
excess of 10 mg /lOO ml In ten observations performed at these high 
loads, the ratio Cc/C vaned from 0 55 to 0 81, with a mean of 0 68 
These data are m agreement with those of Pitts (31) who compared the 
creatme clearance to the xylose clearance m a normal woman When 
the xylose clearance is corrected to give a measurement of the filtration 
rate (xylose clearance = 0 75 X muhn clearance), it can be calculated 
from Pitts’ data that his female subject had, at high tubular loads of 
creatme, a tubular reabsorption rate of 6 to 11 mg /mm (uncorrected 
for body surface), and a ratio Cc/C of 0 73 

Effect of desoxycorkcosterone acetate B R , Umt No 393446, a 58- 
year-old male with myotome dystrophy, a non-toxic nodular goiter, 
bilateral testicular atrophy, and gynecomastia, received 180 mg of 
DCA in oil mtramuscularly, divided m daily doses for 17 days Dunng 
the first 11 days of DCA admimstration he retamed sodium and water, 
gamed weight, and had a less positive potassium balance Dunng the 
last six days of DCA admimstration he was in negative sodium and 
potassium balance, displayed mild polydipsia and polyuna and lost 
weight Details of the electrolyte and water metabohsm m this subject 
have been reported elsewhere (41) 

Simultaneous clearances of manmtol and of creatme were deter- 
mmed before DCA admimstration and on the seventeenth day of DCA 
admimstration The results appear m table 4 Pnor to the exhibition 
of DCA, the ratio Cc/C rose with mcreasmg serum concentration to- 
ward a plateau of approximately 0 8, mdicatmg that as much as 20 
per cent of filtered creatme was reabsorbed Tmc was approximately 3 
mg /mm /I 73 m^ body surface DCA induced complete inhi bition of 
creatme reabsorption under the conditions noted The ratio Cc/C 
approximated umty at all serum concentrations of creatme and Tmc 
was zero (Figure lA) 

Thyrotd disease and efect of thyroid substance in hypothyroidism 
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Renal clearances were measured before therapy and ten to 14 days 
after institution of thyroid therapy in three patients with hypothyroid- 
ism 

H G , Unit No 372322, a 37-year-old housewife, had myxedema 
due to Hashimoto’s struma, demonstrated by biopsy of the thyroid 
Her BMR was —16 per cent of normal and her serum cholesterol 
concentration was 252 mg per cent Two weeks after introduction of 
treatment with desiccated thyroid, 64 mg daily, the patient expenenced 
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SCRUU CRtATINC CONCCNTRATION 



SERUM CREATiNE CONCENTRATION 



Fig 1 Relation of creatine clearance to glomerular filtration rate at various 
levels of serum creatine On the ordinate a value of 0 indicates complete reabsorp 
tion of creatine, and 1 0 indicates no reabsorption 


a diuresis, her weight fell from 145 lbs to 134 lbs and dryness and 
pufl&ness of her face began to disappear BMR rose to —4 and, ul- 
timately, to -1-9 per cent of normal Serum cholesterol concentration 
feU to 165 mg per cent 

E D , Umt No 366610, a 53-year-old housewife, had idiopathic 
hypothyroidism manifested by increasing fatigue, weight gam, dryness 
of skin and hair, coarse timbre of voice, dyspnea, an enlarged tongue 
and pitting peripheral edema Her BMR was —27 per cent of norma 
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and her serum cholesterol concentration was 328 mg per cent With 
admimstration of thyroid substance, 96 mg dady, she unproved Her 
BMR rose to +2 per cent of normal and the serum cholesterol concen- 
tration fell to 215 mg per cent 

M T , Unit No 443502, a 22-year-old domestic, had hypothyroidism 
manifested by inability to concentrate, mcreasmg fatigue and gam m 
weight Her BMR was —25 per cent of normal and her serum choles- 

TABLE 2 


Comparison of Actual and Calculated 24-E our Excretions of Creatine 
Subject B R 



1 0 cseatike/24 hss /1 73 m* b s 

PERIOD 



Calculated 

Actual 

Control i 

0 084 

0 09S 

DCA 

0 

0 015 

MX (45th day) 

1 253 

I 365 


TABLE 3 

The Equilibrium Concentrations of Creatine in Serum Water and Extracellular TI ater 

is patients) 


CREATirailC PERCENT 

SOURCE OF FLUID 

Scrum W ater 

Extracellular Fluid 
Uater 

0 0 

0 1 

Pleural 

0 3 

0 2 

Pentoneal 

0 3 

0 3 

Edema 

0 6 

0 5 

Edema 

0 6 

0 4 

Pentoneal 

0 7 

0 7 

Pleural 

0 8 

0 8 

Edema 

1 3 

1 3 

Pentoneal 


terol concentration was 366 mg per cent With admmistration of 
thyroid substance, 64 mg dady, the BMR rose to -f3 per cent of nor- 
mal and the serum cholesterol concentration fell to 290 mg per cent 
Exhibition of thyroid substance diminished tubular reabsoiptive 
activity, the ratio Cc/C mcreased in each mstance (Table 4, Figure 
IB and C ) 

In three male subjects with hyperthyroidism tubular reabsorptive 
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pufiBiness of her face began to disappear BMR rose to -4 and, ul- 
timately, to ■\-9 per cent of normal Serum cholesterol concentration 
fell to 165 mg per cent 

E D , Umt No 366610, a 53-year-old housewife, had idiopathic 
hypothyroidism manifested by increasing fatigue, weight gam, diyness 
of skin and hair, coarse timbre of voice, dyspnea, an enlarged tongue 
and pitting peripheral edema Her BMR was —27 per cent of normal 
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and her serum cholesterol concentration -was 328 mg per cent With 
admmistration of thyroid substance, 96 mg dady, she improved Her 
BMR rose to +2 per cent of normal and the serum cholesterol concen- 
tration fell to 215 mg per cent 

M T , Umt No 443502, a 22-year-old domestic, had hypothyroidism 
manifested by inabihty to concentrate, mcreasmg fatigue and gam m 
weight Her BMR w-as —25 per cent of normal and her serum choles- 

TABLE 2 


Comparison of Actual and Calculated 24-Hour Excretions of Creatine 
Subject B R 



1 G cai:ATiKE/24 ess /I 73 m* b s 

PEilOD 



CaloJated 

Actual 

Control 

0 0S4 

0 098 

DCA 

0 

0 015 

MX (45th day) 

1 253 

1 365 


TABLE 3 


The Equilibrium Concentrations of Creatine in Serum Water and Extracellular II ater 

{8 patients) 


CSEATTNE S£G PEE CXNT 

1 

SOTJSCE 07 nXTID 

Scrum ater 

Extracellular Fluid 

0 0 

0 1 

Pleural 

0 3 

0 2 

Pentoneal 

0 3 

0 3 

Edema 

0 6 

0 5 

Edema 

0 6 

0 4 

Pentoneal 

0 7 

0 7 

Pleural 

0 8 

0 8 

Edema 

1 3 

1 3 

1 Pentoneal 


terol concentration was 366 mg per cent With a dminis tration of 
thyroid substance, 64 mg daily, the BMR rose to 4-3 per cent of nor- 
mal and the serum cholesterol concentration fell to 290 mg per cent 
Exhibition of thyroid substance dimimshed tubular reabsorptive 
activity, the ratio Cc/C mcreased m each mstance (Table 4, Figure 
IB and C ) 

In three male subjects with hyperthyroidism tubular reabsorptive 
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TABLE 4 


Modificahon of the Renal Clearance of Creahne 


SUBJECT 
AND BODY 
SUBFACE 

1 

BEUAEES 

2 

GLOUESULAB 

FILTRATION 

RATE 

(ml /min ) 

C 

3 

CREATINE 

CLEARANCE 

RATIO 

CREATINE 

PILTRA 

TICK 

RATE 

Cc/C 

8 

Serum 
f(mg %) 
Pc X 100 

4 

Filtered 
(mg/ 
mm ) 
PoXC 

s 

Excreted 
(mg/ 
mm ) 

Uox V 

6 

^Re- 
absorbed 
(mg/ 
min ) 

(PoX 
C) - 
(UdXV) 

M J 








1 70 

Normal female 

118(1) 

1 35 

1 59 

0 09 

1 so 

mm 



127 

7 40 

9 40 

5 SO 

3 90 




140 

24 SO 

34 30 

20 90 





110 

33 80 

37 20 

26 30 



169ms 


116 3 (I) 

0 93 

1 08 

0 32 


0 30 



111 9 

16 20 

18 10 

11 00 


0 59 



111 7 

31 00 

34 70 

27 70 


0 80 



104 6 

43 50 

45 40 

29 SO 

15 60 

0 67 

169 m’ 


IIS 4 (I) 

0 48 

0 55 

0 

0 55 

Hi 



110 3 

13 70 

IS 10 

10 80 

4 30 




IIS 9 

28 80 

33 40 

26 10 

7 30 




132 9 

37 00 

48 80 

39 70 

9 10 

ill 

D F 



■1 





158 m’ 

Normal female 

152 6 (I) 

mm 

1 63 

0 17 

1 46 




153 3 


36 00 

22 20 

mm 

0 62 



151 9 

H 

54 60 


■ 

0 55 

K Z 


■■■ 






178 m’ 

Normal male 

BKfimf IM 

0 31 

0 41 

0 


0 




3 65 

4 17 

2 14 






10 SO 

11 85 

8 41 

3 44 

0 71 



119 2 

17 SO 

20 85 

13 88 

6 97 

0 67 

J L 








196 m’ 

Normal male 

120 6 0) 

0 46 

0 55 

0 15 


0 28 



140 3 

6 20 

8 70 

4 98 

3 72 

0 57 



120 4 

11 14 

13 41 

10 73 

2 68 

0 80 



124 3 

15 60 

19 40 

14 35 


0 74 










All rates are referred to 173 w? body surface Creatine values are presented m hun 
dredths of mg as determined, although the accuracy of the analytic method is limited to 
four parts m one hundred 


(I) Inuhn clearance 

(M) Mannitol clearance 

(T) Sodium thiosulfate clearance 



























TABLE 4 — Continued 






CREATINE 

















Re- 

RATIO 

AND BODY 
SUWACE 

SEICARSS 

riLTRATIOS 

JtATE 

(ml /nun ) 

C 

Senim 
(nig%) 
Pc X too 

Filtered 
(mg/ 
nun ) 
PcX C 

Excreted 
(mg/ 
mm ) 
UcX V 

absorbed 
(mg/ 
min ) 
(PcX 
C) - 
(tJoXV) 

CREATINE 

ULTRA 

TION 

RATE 

Cc/C 

1 

2 

3 

4 

5 

6 

7 

8 

H G 








161 m’ 

Myxedema 

78 9»(T) 

0 35 

0 28 

0 

0 28 

0 


BMR -16 

78 9 

4 10 

3 23 

0 82 

2 41 

0 25 



78 9 

14 00 

11 03 

9 05 

1 98 

0 82 



78 9 

22 50 

17 75 

14 22 

3 53 

0 80 

160 m2 

Durmg thyroid 


0 96 

0 62 

0 45 

0 17 

0 73 


treatment 

KM 

9 00 

5 80 

3 87 

1 93 

0 67 


BMR -4 

64 5 

26 00 

16 75 

IS 84 

0 91 

0 94 



64 5 

38 00 

24 SO 

22 90 

1 60 

0 93 

M T 








168 m’ 

Myxedema 

117 8(1) 

0 95 

1 12 

0 21 

0 91 

0 19 


BMR -25 

no 8 

17 10 

18 93 

15 45 

3 48 

0 82 



106 9 

30 SO 

32 60 

29 58 


0 91 



114 0 

31 00 

35 35 

32 62 

2 73 

0 92 

169in’ 

Dunng thyroid 

116 1(D 

1 38 

1 60 

0 54 

1 06 

mm 


treatment 

125 5 

14 30 

17 93 

IS 58 

2 35 



BMR +3 


21 80 

23 62 

25 07 

-1 45 




114 6 

27 30 

31 30 

33 20 

-1 90 


E C 








167 m’ 

Myxedema 

76 0(1) 

1 02 

0 78 

0 12 

0 66 

0 16 


BMR -27 

68 5 

9 20 

6 30 

2 26 


0 36 



69 5 

22 00 

15 28 

7 57 

7 71 

0 49 



104 0 

32 00 

33 28 

17 58 

15 70 

0 53 

168 m’ 

Durmg thyroid 

115 2(1) 

1 29 

1 49 

0 37 

1 12 

0 25 


treatment 

85 4 

9 SO 

8 12 

4 39 

4 73 

0 54 


BMR -7 

90 1 

19 50 

17 59 

12 58 


0 72 



92 6 

24 90 

23 10 

17 SO 




* Owing to unpredictable but sometimes large changes m creatme excretion with 
alterations in sodium excretion (42), the measurements of creatme clearance were made 
durmg four consecutive periods and then the GFR was measured m the following four 
periods by mfusmg Na S-O 3 The average of these GFR determmations was apphed to 
the precedmg penods Justification for this extrapolation is found m the observation that, 
dunng the first experiment on subject H G , renal clearance of endogenous creatmme 
was not altered bv infusion of NaiSiOj Thus, durmg the three clearance penods im- 
mediately precedmg Na S-Oj infusion, creatmme clearance averaged 86 6 (90 3, 81 6 and 
88 1) and the ratio of creatimne clearance to the average thiosulfate clearance was 1 14, 
1 03 and 1 12 respectively Durmg the three clearance penods m which Na SiOj was 
infused, the creatmme clearance averaged 81 3 (76 2, 82 7 and 84 9) and the ratios of 
creatmme clearance to the corresponding thiosulfate clearance were 0 96, 1 05 and 1 07, 
respecbvely 
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TABLE 4 — Concluded 


SUBJECT 
AND BODY 
SDBTACE 

1 

REUABSS 

2 

GIOUERULAR 

niTRATION 

RATE 

(ml /mm ) 

C 

3 

CREATINE 

O^ARANCE 

ratio 

CREATINE 

riLTRA 

TlON 

Rate 

Cc/C 

8 

Serum 
mg (% 
Pc X 100 

4 

Filtered 

(mg/ 

mm) 

PcXC 

5 

Ercreted 
(mg/ 
mm) 
UcX V 

6 

Re- 

absorbec 
(mg/ 
mm ) 
(PCX 
C) - 
(Uc X V) 
7 

B R 



■1 





I 66 m2 

Myotonic dystro- 

48 7(M) 


1 55 

0 60 

0 95 



phy, untreated 

56 3 


5 35 

3 63 

1 72 




54 9 


13 18 

9 17 





44 7 

28 70 

12 83 

9 91 

2 92 

la 

1 66 m” 

Dunng DCA 

68 6(M) 

9 lot 

6 25 


-0 27 

1 04 



83 9 

18 SO 

15 53 

17 00 

-1 47 




SO 2 

24 30 

12 21 

11 26 

0 95 


1 66 m’ 

Dunng methyl- 

67 5(1) 

4 35 

2 94 

0 91 

2 04 

iiS 


testosterone (45 

68 3 

5 00 

3 42 

1 35 

2 07 

Blsl 


days) 

73 8 

13 00 

9 60 

8 76 

0 84 

0 91 



56 8 

24 60 

13 97 

10 32 

3 65 

0 74 

165 m2 

Dunng methyl- 

71 3(1) 


3 14 


2 05 

IB 


testosterone (SO 

84 1 


10 93 


4 12 

mSM 


days) 

SS 9 

25 SO 

14 27 

13 59 

0 68 

0 95 



60 2 

44 50 

26 79 

19 05 

7 74 


D L 








169 m2 

Cushing’s disease 

97 3(1) 

1 24 

1 21 

0 43 

0 78 

0 36 



96 0 

12 40 

11 90 

7 27 

4 63 

0 61 



86 5 

IS 60 

13 SO 

13 97 

-0 47 

1 04 



86 8 

25 40 

22 05 

19 80 

2 25 


M S 


Mi 






137 m" 

Post partura Sth 


0 75 

1 20 

0 34 


0 28 


day 

mSm 

3 36 

5 72 

3 61 

2 11 

0 63 




14 00 

25 05 

18 10 


0 72 



bH 

19 90 

33 02 

29 05 

3 97 

0 88 

H D 

Post-partum Sth 

113 8(1) 


1 17 

0 44 

0 73 

mi 

181 m2 

day 

110 0 

8 60 

9 46 

6 92 

2 54 




116 8 

16 60 

19 40 

18 43 

0 97 

wSm 



117 8 

19 00 

22 39 

21 SO 

0 89 

Ml 

S C 








165 m” 

Post-partum 4th 

165 6(D 

0 96 

1 59 

0 46 

1 13 

0 29 


day 

167 8 

4 70 

7 90 

6 65 

1 25 

0 84 



162 6 

10 60 

17 23 

14 58 

2 65 

0 85 



166 8 

13 60 

22 65 

21 40 

1 25 

0 94 


t These periods do not represent endogenous levels but levels following the ingestion 
of creabne In all other experiments the first penod represents measurements made just 
before ingestion of creatme 
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activity was normal with respect to creatine Renal clearance deter- 
minations, repeated in two subjects when they had become euthyroid, 
revealed no change in the ratio Cc/C In each subject durmg his 
hyperthyroid phase endogenous creatine concentration in serum was 
greater than normal for the male, m agreement with the observations 
of Tierney and Peters (37), and was reduced mth treatment Crea- 
tinuna in hyperthyroidism, then, may be the result of increased tubular 
load, an end result of several possible pre-renal changes (Table 1, 
IB) 

Puerperal creahnuria It has long been known that a profound 
creatmuna accompames the first week or two of the puerpenum 
At one time it was held that puerperal creatmuna was the result of 
release of creatme from the involutmg myometnum (34), but it has 
been calculated that more creatme is excreted in several days post- 
partum than IS contamed in the entire gravid uterus (2) Renal clear- 
ances were measured in three subjects on the fourth or fifth day post- 
partum The three subjects, Umt Nos 437362, 402467, 409667, aU 
had had normal, full-term pregnancies with uneventful labors and 
uncomplicated post-partum penods All were lactatmg Data on renal 
performance appear in table 4 and figure ID, together with data on a 
group of normal subjects The ratio Cc/C durmg the puerpenum well 
exceeded the normal Furthermore, smce the concentration of endog- 
enous creatine m the serum was essentially normal while the ratio 
Cc/C was elevated, puerperal creatmuna appears to be the result of 
reduced tubular reabsorption of creatine It will be noted that m two 
of the three subjects GFR was greater than the normal range, creating 
an mcreased tubular load However, this mcrease would not produce 
creatmuna of the degree displayed by these subjects if the efiiciency 
of tubular reabsorption of creatme were normal At maximum tubular 
loads, creatme reabsorption rate was only a fraction of normal 

Lack of effect of methyliestosterone MT, 50 mg daily, was admmis- 
tered orally to the myotome subject B R for 30 days, durmg which 
time creatme excretion rose from zero to more than 1400 mg a day 
Durmg the peak of creatmuna simultaneous clearances of mulm and 
creatme were measured on two occasions 

jMT was without effect on tubular mechamsms for creatme reabsorp- 
tion (Table 4), but was accompamed by a nse m serum creatme to 
a concentration of more than 4 mg per cent, at which level creatmuna 
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of the same order occurs in the normal subject who has received a large 
dose of creatine by mouth (Figure ID) 

Cushing's disease D L , Unit No 479544, a 26-year-old singer, 
complained of deepening of her voice, thinnmg of her scalp hair, 
acne of face and arms, mcrease in body hair, gain in weight with 
especial roundness of her face Her appearance was typical of Cushing’s 
disease She had abdominal stnae, hirsutism and enlargement of the 
clitoris Her blood pressure was 165 mm Hg systolic and 105 mm Hg 
diastohc There was slight osteoporosis of the lumbar spme Fasting 
blood glucose concentration and glucose tolerance were normal Serum 
sodium concentration was as high as 152 5 mEq /I She excreted in- 
creased amounts of 17-ketosteroids (32-39 mg /day), but not of 11- 
oxysteroids (0 4 mg /day) There was eosinopenia (0 — 55 per cu 
mm ) 

Data on renal performance appear in table 4 The ratio Cc/C 
was greater than normal, and at maximum tubular loads the creatine 
reabsorption rate was less than half of the lowest normal value 

n creathtoria associated with reduced muscle mass 

Although It has been proposed for about 30 years (19) that a re- 
duction in available muscle storage space forces creatine to overflow 
into the urine, the clinical matenal which has been studied does not 
afford a clear demonstration of this possible cause of creatmuna 
Relevant reports have dealt with states in which muscle atrophy was 
progressive (23, 24) In these states it may be considered that dissolu- 
tion of muscle adds creatine to extracellular fluid and that a portion of 
this increment may appear in the urine Determination of the creatine 
content of the urine, in such cases, does not permit a decision as to 
whether creatmuna results from extrusion of intracellular creatine or 
from madequate disposition of newly-synthesised or mgested creatme 
In order to isolate one of these factors from the other, there were 
selected for study of this problem two patients with extensive muscular 
atrophy due to obsolete anterior poliomyelitis, in whom the possibihty 
of progressive repair or destruction of muscle was remote The assump- 
tion was made that the remaimng muscle cells retamed normal func- 
tion The chnical state of these patients precluded the complete study 
of renal function which was planned The fragmentary observations 
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^vhJch -were made are recorded here, nevertheless, because they support 
an hypothesis concemmg one mechamsm responsible for certam m- 
stances of creatmuna 

L R , Umt No 398745, a 24-year-old white female, had been bed- 
fast for eight years following an acute episode of antenor pohomyehtis 
m 1938 She weighed 60 8 kg and her surface area was 1 60 m- Flacad 
paralysis was complete m all extremities, thorax, trunk and neck 
Breathing was entirelj'- diaphragmatic Although calculi were demon- 
strable roentgenographically m the nght kidney, no evidence of im- 
paired renal function was obtamed Artenal pressure was 110 mm 
Hg systohc and 70 mm Hg diastolic On one occasion a few leuco- 
cytes appeared m the unne, on other occasions urmalysis was normal 
At the end of two hours 45 per cent of an mtramuscular dose of phenol- 
sulphonphthalem was recovered m the unne Blood non-protem mtro- 
gen concentration was 20 mg per cent There was no evidence of 
abnormal catabohc activity, the patient had no recent weight loss, 
fever or leucocytosis, and her basal metabohc rate was —21 per cent 
of normal 

When prehmmary analysis revealed creatmuna, mtrogen balance 
was assayed to determme whether or not the creatmuna m this bed- 
fast patient might be similar to that reported to occur dunng acute 
immobilisation (7) The patient was placed on a constant diet cal- 
culated to contain 50 g of protem, 58 g of fat, 117 g of carbohydrate 
and 1200 calones per day Included m this diet were 50 g of meat 
Identical menus were offered each day An ahquot representmg one- 
half of one day’s ration of each five-day batch of food was analysed for 
mtrogen by a macro Kjeldahl method (5) Pooled five-day stools were 
dned on a steam bath and analysed for mtrogen Urme was collected 
daily under 10 ml of 25 per cent acetic acid and analysed for mtrogen 
and guamdoacetic acid (8) 

The results of these detenmnations appear m Table 5 There was a 
profound creatmuna and a marked reduction m crea tinin e excretion 
The concentration of creatme m the serum was elevated to 1 6 mg 
per cent That this mcrease m tubular load of creatme was not the 
result of extrusion of creatme from the mtraceUular mass and was 
unlike the creatmuna observed in acute immobilisation is suggested 
by the presence of positive mtrogen balance on a moderate mtrogen m- 
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take (0 8 g of protein per kg body weight) With certain reservations 
to be discussed below, the normal excretion of guanidoacetic acid is 
considered to be compatible with a normal veloaty of synthesis of 
creatine A conservative estimate of tubular activity may be made by 
assuming that the glomerular jdltration rate was normal and that the 
post-absorptive concentration of creatine in the serum prevailed 
throughout the day The amount of creatine filtered, then was approxi- 
mately 100 ml /min X 0 016 mg /ml X 1440 mm /day = 2304 mg / 
day Of this quantity, 714 mg appeared m the urine on the day on 
which the serum was obtained The proportion of creatine which was 

714 \ 

2304/ 


wuii-u ulc bcrum was oocainea ine proportion oi creatine wmcn was 
reabsorbed was, therefore, ^1 - X 100, or 69 per cent, which 


TABLE 5 

Daily Excretion of Creatine Bodies and Nitrogen Balance in Obsolete Poltomyeltlts 


1 

DAY 1 

UKINE 

Nitrogen Balance 

Guanidoacetic 

Creatinine 

Creatine 


S 1 

mg 

mg 

mg 

l-S 

+1 59 

48 5 

216 

925 

6-10 

-fO 85 

42 7 

211 

904 

11-15 

-fl 48 

54 4 

226 

893 

16-20 

+0 57 

1 

— 

212 

965 


Subject L R Body weight, 60 8 kg Nitrogen intake 8 1 to 8 3 g /day by analysis 
All values are expressed as averages for 24 hours Serum creatine concentraUon, 1 6 mg 
per cent 


IS a low normal tubular performance at a serum concentration of 1 6 
mg per cent 

At the completion of the balance periods, subject L R was placed 
on a creatine-poor diet and, after equilibrium to the new intake had 
occurred, a creatine tolerance test was performed by the technic of 
Thorn (36) 

A second subject was observed similarly on a creatme-poor diet 
This subject, B A , Unit No 240356, a 28-year-old white female, 
developed acute anterior poliomyelitis in 1941 with initial flaccid 
paralysis of the thorax and all four extremities Following recovery 
from the acute phase, her activity was slightly less restricted than was 
that of the previous subject, and she regamed about 60 per cent of 
normal function m the right upper extremity 
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The data on unnaiy excretion of creatine and creatinine during 
creatme-poor intake appear in Table 6 Both subjects displayed pro- 
nounced creatinuna and a reduced excretion of creatinine Creatine 
tolerance was severely unpaired 

If the assumptions are correct, it would appear that mere loss of 
muscle mass is an adequate cause of creatinuna m obsolete antenor 
poliomyelitis, on the pnnciple that creatine, synthesised at normal 
velocity and lacLmg adequate muscle space for its disposition, over- 
flows into the unne A plausible denvative is that creatmuria may 
be expected as a non-specific phenomenon wherever there is sufficient 
muscle wasting, provided that synthesis and reabsorption of creatine 
proceed at normal rates 


TABLE 6 


Unnary Excretion of Crealtne Bodies in Obsolete Anterior Poliomyelitis 



NORltAL C60 1 

KC B W) 
rEilALE 1 

1 

SUB. 

L R. 

jEcr 

B A 

Creatinine (mg /day) 

840-1300 

180 

304 

Creatine (mg /day) 

0-60 

714 

588 

Creatimne coefficient 

14-22 

3 

5 

Total creatimne coeffiaent 

14-22 

13 3 

13 2 

Creatine tolerance (per cent) 

70 

10 

27 


It IS interesting to note that over a period of years no measurable 
adjustment m rate of creatine production was made m the face of 
diminished peripheral requirement for creatine 

DISCUSSION 

Causes of crealtnuria m terms of renal function have been hsted m 
Table 1 Measurement of glomerular filtration rate (GFR) and of 
renal clearance of creatme will determine whether a given instance 
of creatmuna is the result of mcreased tubular load, decreased tubular 
reabsorption rate or both If the creatinuna is assoaated with de- 
creased reabsorption rate, presently available techmcs do not permit 
further differentiation If creatmuna results from an mcreased tub- 
ular load some differentiation may be made between its two com- 
ponents GFR and the serum concentration of creatine It is unlik ely 
that m spontaneous disease an mcrease m GFR occurs m suflficient mag- 
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mtude to cause significant creatmuna, in most mstances increased 
tubular load will refiect elevated concentration of serum creatine 

Indirect assessments of velocity of creatine synthesis m man have 
been made by following the fate of isotopic creatine (18) and by 
measuring the unnary excretion of guanidoacetic acid (4) The iso- 
topic technic is refined but not easily apphed to clinical study at 
this tune With respect to guanidoacetic acid it remains to be demon- 
strated that renal tubular mechanisms do not modify its urinary 
excretion Until this possibility is studied conclusions regarding crea- 
tine synthesis must be tentative ® 

Extrusion of intracellular creatine might be expected to operate 
when a significant number of muscle fibers disrupt as, for example, 
during rapid atrophy in acute anterior poliomyelitis In the presence 
of negative metabolic balances of nitrogen, phosphorus, potassium 
and sulfur, in ratios pecuhar to their relative concentrations m 
muscle protoplasm, it may be surmised that creatine similarly escapes 
the cell It is conceivable, too, that under certain circumstances crea- 
tine might escape from muscle cells without accompanying leakage of 
other cellular constituents It is not possible presently to dissect these 
mechanisms free from other concurrent factors which may be operatmg 
to produce creatmuna One of these factors is considered immediately 
below 

Inadequate disposition of creatine It is reasonable to suppose, on 
the basis of the observations reported here on subjects with obsolete 
anterior poliomyelitis, that creatmuna occurs when reduction in mus- 
cle mass IS great enough to render residual tissue insufBcient for proper 
disposition of creatine Essential to this supposition is the maintenance 
of normal velocity of synthesis and rate of tubular reabsorption The 
assumptions used in the calculations above appear reasonable, but the 
observations do not preclude the possibility that a minor fraction of 
the creatine excreted resulted from slight diminution in tubular re- 
absorption 

It IS possible that a minor reduction m muscle mass does not cause 
creatmuna In such cases deposition of creatme may occur m liver, 
kidney, skm or remaming muscle smce these tissues wiU absorb large 

« Suns and Seldm have observed that tubular reabsorption of guanidoacetic 
acid dimmishes as the tubular load of creatine mcreases (34a) 
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amounts of e^tra creatine in the rat (6) Such alternate deposition 
apparently may be limited in man For example, in a patient ho had 
undergone an amputation of the leg and half the pelvis for sarcoma 
we have observed an elevated serum creatme concentration and sig- 
nificant creatinuna three weeks post-operatively when the patient 
was afebrile, ambulatory and had exhibited no obvious loss of re- 
maimng muscle 

Speculations on the lack of creatinuna in myotome dystrophy There 
are some str ikin g exceptions to the observation that creatmuria ac- 
companies reduction in muscle mass myotome dystrophy (9), certam 
mstances of hyperth 3 Toidism (28) and, perhaps, h 3 rpoadrenahsm (11, 
40) In a subject with reduced muscle mass absence of creatmuna 
might result from increased tubular reabsorption, augmented metabo- 
lism of creatme by alternate pathways or decreased velocity of syn- 
thesis These possibilities have been surveyed m the case of myotome 
dystrophy 

Lack of creatinuna m myotonic dystrophy is not due to mcreased 
tubular reabsorption In two patients with severe muscular wastmg 
due to this disease the concentration of creatine m serum was normal 
(zero to 0 4 mg per cent) Appropnate measurements of renal func- 
tions m one of these patients (B R , Table 4) mdicated that creatme 
was reabsorbed with normal efficiency Two observations suggest that 
there is not significant metabolism of creatine along pathways alternate 
to its conversion to creatmine, (1) the pattern of nsmg concentration 
of creatine m the serum after an oral dose of creatine was normal and 
(2) a profound hypercreatinemia was achieved and maintamed by 
administration of MT 

There remams the possibility that the velocity of creatme synthesis 
IS decreased m myotonic dystrophy It is concluded from the response 
to MT that thp capacity to synthesise creatine is not defective In the 
hght of this observation it may be suspected that some undefined 
stimulus normally concerned with the full production of creatme is 
lacking m myotonic dystrophy 

Significance of tubular reabsorption of creatine The renal tubules of 
normal adult man on a creatme-poor diet reabsorb some 560 mg of 
creatme each day (assummg a serum creatme concentration of 0 003 
mg /ml and a GFR of 130 ml /mm ) These tubules are capable. 
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however, of reabsorbing completely a load of some 1000 mg of creatine 
per day (renal thresbhold for creatine is approxunately 0 005 mg /ml 

(37) , GFR is 130 ml /mm (10), and 1440 mm /day 0 005 X 130 X 
1440 = 936 mg /day or 0 65 mg /min /I 73 m“ b s ) Since creatmuna 
of the order of but 100 mg per day is considered significant, a reduction 
of only 10 per cent of the capacity for reabsorption will result in 
notable creatmuna Thus, when the rate of creatine reabsorption is 
depressed creatmuna may appear or increase An example of such de- 
pression in the dog has been reported by Pitts (32) who effected a 
reduction in creatine reabsorption by infusmg glycine, and concluded 
that a-ammo acids competed for the same tubular transfer agency 
In man, depression of creatine reabsorption has been observed durmg 
administration of DCA to patients with myotonic dystrophy, of 
thyroid substance to patients with hypothyroidism, in a patient with 
Cushmg’s syndrome, and spontaneously durmg the puerperium In 
none of these conditions is there a rise in the serum concentration of 
a-ammo acids sufficient to account for the creatmuna, if the phenom- 
enon IS comparable m man and dog This does not exclude the possi- 
bility that the creatmuna accompanymg diabetic acidosis, for example, 
results m part from the significant hyperammoacidemia which occurs 
( 21 ) 

There is no readily apparent causal factor common to the vanous 
mstances of depression of creatine reabsorption which have been 
described here In the case of DCA, collateral evidence suggested 
that widespread reduction in general tubular reabsorptive activity 
had occurred (41) This was indicated partly by the mild diuresis 
which accompanied the creatmuna Such mild diureses accompany the 
early penod of therapy m the hypothyroid patient and the early puer- 
perium That water diuresis alone does not induce creatmuna has been 
established m this laboratory by producmg wide variations m urine 
flow, both acutely and over 24-hour periods, without altenng creatine 
excretion or reabsorption (42) 

Data presented m this report mdicate that when thyroid substance 
was exhibited to patients with hypothyroidism an early effect was 
decreased tubular reabsorption of creatine Wilkms and Fleischmann 

(38) observed that, with respect to urinary excretion of creatine and 
creatinine, the effects of thyroid treatment of myxedematous patients 
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fell into phases During the first phase the output of creatinine 
was not changed greatly, but creatine excretion increased so that the 
total output of creatine and creatinine exceeded that of the hypothyroid 
state In the second phase, the total output of creatine and creatmme 
was approximately equal to that of the hypothyroid state or perhaps 
slightly less In this phase creatmme excretion was decreased and 
creatine excretion increased compared to the levels before treatment 
Our observations were made during the first phase It was at this tune 
that the subjects studied by Wilkins and Fleischmann were largely in 
negative nitrogen balance Synchrony between negative nitrogen bal- 
ance and creatmuna is frequent It occurs m starvation (3), dunng 
acute immobilisation (7), and dunng convalescence from acute ill- 
nesses (13) Wilkms and Fleischmann considered that m two of their 
subjects the mtrogen deficit was too slight to account for the mcre- 
ments in creatmuna m terms of dissolution of protoplasm It is possible, 
therefore, that the parallel changes m mtrogen excrefaon and crea- 
tinuna are in some measure the common result of depression of renal 
tubular reabsorption While the data at hand warrant no conclusion 
concemmg the mechanism of creatmuna in starvation, immobihsation 
and convalescence, these states may be assoaated with the process 
called adaptation (33) which has been hnked with adrenal cortical 
activity That adrenal corticoids influence renal tubular reabsorption 
of creatme is suggested by the observations reported m the patient 
with Cushing’s disease and m the case of administration of DCA 
t^Tiether or not the creatmuna accompanymg the first few weeks of 
th3TOid admimstration m myxedema and the creatmuna of the puer- 
penum are examples of adaptation cannot be discerned from the 
evidence at hand It may be recalled simply that dunng the early 
puerpenum profound homeostatic adjustments are m full course m 
many sj’^stems 

Rclalionship of the creatinine coefficients to renal function The con- 
stancy of the creatmme coefiicient (mg creatmme excreted m 24 hours/ 
kg body weight) has been emphasised repeatedly, a narrow range of 
% alues IS found for normal men (20-26) and for normal women (14-22) 
(40) It has been held on reasonable groimds that, smee the mam 
source of creatmme is the creatme of muscle, the creatmme coeffiaent 
IS a function of muscle mass Howex er, the obsen^ations reported here 
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on the modification of creatme excretion effected by the kidney sug- 
gested the necessity for further analysis of the renal factor in creatinine 
excretion Endogenous creatinine is not reabsorbed actively by the 
renal tubule Because tubular secretion of true endogenous creatinine 
is virtually insignificant in normal man, endogenous creatinine clear- 
ance may be an approxunate measure of the glomerular filtration rate 
(26) ^ Thus, the amount of creatinine excreted is determined largely 
by the GFR and by the plasma concentration A reduction in either 
of these factors might decrease the creatinine coefficient With dimin- 
ishing GFR, but with maintained muscle output of creatmme, the 
serum creatimne rises, eg, renal msufficiency Conversely, if renal 
function is maintained but muscle output is diminished serum cre- 
atinine falls Examples of this latter situation were found m three 
patients with hyperthyroidism in whom the serum concentrations of 
true creatimne were low but then rose dunng treatment concurrently 
with a return of body weight and muscle bulk, without significant 
alteration of GFR Thus, it would appear that m most cases an es- 
timate of muscle mass derived from the value of the creatmme coef- 
ficient must presuppose a normal GFR, and, conversely, an estimate 


^ The concentration of true endogenous creatmme m serum may be appron- 

UV 

mated from the expression P = — , when P is the serum concentration of true 


endogenous creatmme, UV is the rate of urinary excretion of creatmme (mg/ 
mm ) determined by the Jaffe reaction, and C is the GFR measured by mulm, 
mannitol or thiosulfate clearances The assumptions inherent m this expression 
are dependent upon the observations that (a) true endogenous creatmme clearance 
is an approximate measure of GFR (1, 26) and (b) the preformed Jaffe chromogen 
in urine, in contrast to serum, is virtually all true creatmme (25) When P was cal- 
culated in this fashion in 84 clearance periods in man, true creatmme was 73 per 
cent (range 51 to 107 per cent) of the Jaffe chromogen in serum The same data 
mdicate that the renal clearance of endogenous Jaffe chromogen is, on the average, 
only 73 per cent of the GFR, so that, as determined by the method at hand, the 
Jaffe chromogen clearance is not a measure of the GFR The data mdicate that the 
non-creatmine component of Jaffe chromogen is either not diffusible through the 
glomeruli or is diffusible and subsequently reabsorbed completely by the renal 
tubules The latter possibility is supported by the fact that m eight patients with 
accumulations of serous or edema fluid the mean concentration of endogenous 
Jaffe chromogen was 1 99 mg per cent m serum water and 2 00 mg per cent in 
other extracellular water 
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of renal function b}’- measurement of the serum concentration of 
creatinine must assume a normal output of creatinine from the muscles 

Since Shaffer’s original studies (34) it has been stated by some 
observers that the total creatimne coefficient (mg creatine expressed 
as creatimne + mg preformed creatimne excreted per day/kg body 
weight) m subjects with creatmuna equaled the creatmme coefficient 
in the normal (14, 22) Tins concept is diff&cult to reconcile •vnth present 
knowledge of the differing modes by whicli the kidney treats creatine 
and creatimne Since creatine is reabsorbed by the renal tubules, 
while creatimne is not, equimolar loads of creatine and creatimne 
i\ould not result necessarily in equimolar excretion of these two sub- 
stances On these grounds it would be anticipated that the total cre- 
atinine coefficient would be reduced in patients with a diminished 
creatimne coeffiaent and a spontaneous creatmuna A review of 
reported data on the excretion of total creatine bodies by subjects 
with creatmuna reveals, m fact, that the total creatmme coefficients 
were below the normal range For example, m seven adult males with 
progressive muscular dystrophy and copious creatmuna on a creatme- 
“free” diet, total creatimne coefficients ranged from 13 0 to 18 3, 
compared to the normal range of 20-26 (23) And m the two patients 
with obsolete antenor poliomyelitis reported here the total coefficients 
were less than those reported for normal women It would appear, 
then, that insomuch that creatine is reabsorbed, the total creatmme 
coefficient m creatmunc patients will be less than the creatmme 
coeffiaent of normal subjects And vanations m reabsorption rate 
may underlie the mconstancy of the total creatmme coefficient re- 
ported by many observers 

These considerations render unproved the assumption made by 
some observers (17) that the sum of daily excretion of creatine, cre- 
atmine and guamdoacetic aad equals the amount of creatme syn- 
thesised 


SUMMARY 

1) Creatmuna may be considered to be the result of an mcreased 
tubular load of creatme (serum creatme concentration X glomerular 
filtration rate), decreased tubular reabsorption rate, or a combmation 
of both On theoretical grounds, tubular load may be augmented by 
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acceleration of (GFR), by administration of creatine, accelerated syn- 
thesis of creatine, extrusion of intracellular creatine, or by inadequate 
disposition of creatine in the muscle cells 

2) The ability of the renal tubule to reabsorb creatine was reduced 
and creatmuria was observed (a) during prolonged administration of 
desoxycorticosterone acetate and in a patient with Cushing’s disease, 
(b) during administration of thyroid substance m instances of hypo- 
thyroidism, and (c) during the puerperium The creatmuria accom- 
panying the administration of methyltestosterone to man had no renal 
tubular component 

3) In obsolete anterior poliomyelitis, creatmuria followed simple 
reduction m muscle mass, an example of inadequate bulk for proper 
disposition 

4) By isolation of some of the mechanisms concerned with the 
production of creatinuna, it appeared that the anomalous absence of 
creatmuria m patients with myotonic dystrophy may be the result of 
reduced synthesis of creatine 

5) The creatinine coefficients and the serum concentration of cre- 
atinine are functions not only of the active muscle mass but also of the 
glomerular filtration rate 

We are indebted to Miss Rachel Fee, Mrs Lina Bell, Miss Eileen Enghsh and Miss 
Nancy McCarthy for nursing assistance, and to Miss Liana Cemoia and Miss Bess 
Crozier for Supervision of diets We wish to express our appreciation to Dr R E Len 
hard and to Mr H 0 Kendall who made possible the studies of poliomyelitis by ar 
rangmg for our observation of these patients Dr E V Newman has been generous m 
his advice regardmg several of the technics employed to assess renal function Drs N 
J Eastman, B Williams and N Long kindly permitted us to study the patients from 
the Obstetrical Service Dr M M Ravitch Lmdly brought to our attention his patient 
with the amputation of leg and hemipelvis 
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In April, 1949 Hench and his collaborators (1) described the dramatic 
effect of cortisone and adrenocorticotropic hormone (ACTH) in pa- 
tients with rheumatoid arthritis In a subsequent report (2) suggestive 
results were obtained with cortisone in acute rheumatic fever In one 
case ACTH was admimstered in small doses for a period of seven days 
Fever subsided within forty-eight hours and articular symptoms within 
four days 

The expenmental studies of Rich and Gregory (3, 4) suggested a 
relationship between the hypersensitive state and the rheumatic dis- 
eases The possible usefulness of ACTH in the control of the hyper- 
sensitivity state was first explored in a patient with severe exfoliative 
dermatitis due to iodine The umque rapidity of recovery in this 
critically ill patient stimulated the trial of ACTH m other allergic 
states 

In the second patient extensive giant urticana, joint pains and fever 
assoaated with a “serum disease type” sensitivity to penicillin were 
abohshed within twenty-four hours after ACTH was begun 

The prompt control of the chronic asthmatic state and the striking 
alterations m the tissues of the upper respiratory tract in five asthmatic 
patients form the basis of this preliminary report 

In two patients the asthma was thought due to combined external 
and intrinsic factors In the other three it was of the intrinsic type 
The age of the patients ranged from 26 to 63 years, and the duration 
of the asthma from 5 to 23 years The sputum in all contained many 
eosinophils In several of the patients no more than partial and very 
temporary relief was obtained by the admimstration of adrenahn, 
ammophylhn, and ether by rectum 
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The initial daily dose of ACTH vaned between 30 and 100 mgm 
given intramuscularly, divided in equal portions at six hour intervals 
Unequivocal benefit was noted m from four to forty-eight hours Com- 
plete freedom from all asthmatic S 3 Tiiptoms occurred within one to 
eight days In four of the patients there was total disappearance of 
sputum, and abnormal physical signs m the chest In the fifth patient, 
who was SIX months pregnant, rhonchi persisted although she was free 
of asthmatic S 3 rmptoms Comcident with symptomatic rehef, tracmgs 
of the expiratory phase of respiration showed improvement with re- 
moval of the relative obstruction to outflow 
Treatment was maintained for eleven to twenty-one days The 
daily dose was gradually reduced after chmcal recovery, the total 
amount admimstered rangmg from 360 to 775 mgm One patient has 
remained as 5 miptomatic for one month after therapy was stopped 
Detailed exanunations of the upper respiratory tract, indudmg naso- 
pharyngoscopy, were made on four of the patients Three patients had 
a pale, edematous, polypoid nasal mucous membrane which was bathed 
with a thick mucopurulent discharge Dunng therapy the membrane 
became blmsh pink m color, was covered with dear mucus, and the 
edematous, polypoid appearance was no longer present The breathing 
space was greatly enlarged The lymphoid tissue m the nasopharynx, 
which w£is covered with a thick discharge, was pale and edematous 
Durmg treatment the edema subsided, an orange pink color developed, 
the crypts became more pronunent, and it was easily outhned from 
the surrounding mucous membrane There was no gross change m the 
volume of the lymphoid fassue present In two patients there was com- 
plete obstruction of the nose by pol 5 qis These began to shnnk on the 
third day of treatment and by the end of therapy had completely 
vanished m one and almost completely in the other The three cases 
with mucous membrane abnormahties had antral clouding on roent- 
genological examination which cleared durmg the admimstration of 
ACTH Several small polyps had reappeared m one patient on the 
twenty-third day after cessation of therapy 
The intradermal reactions to inhalant and bactenal antigens were 
followed m three patients Two showed marked skm sensitivity to 
pollens and other extrmsic antigens In one the sensitivity was greatly 
dimimshed dunng treatment but returned to its ongmal level three 
weeks after cessation of ACTH In the other patient no alteration was 
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observed In both patients serum reagin titration revealed no change 
The intradermal reaction to bacterial antigens decreased significantly 
in two patients and did not change in another In one the sensitivity 
has returned to the pretreatment level three weeks after discontinuance 
of ACTH 

The previously described (1, 2) metabohc effects of ACTH in no 
instance were a serious complicating factor in these cases 
These chnical studies suggest that ACTH may have an important 
action in blocking various hypersensitivity reactions Further ob- 
servations are necessary to establish its efficacy in allergic states, and 
the effects of ACTH m other types of hypersensitivity are under study 

The ACTH used in these studies was supplied by Armour and Company 
through the courtesy of Dr John R Mote 

We wish to thank Dr Walter Baetjer, and Dr Milton Sherry for permission 
to treat patients under their care 
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(These reviews represent the individual opinions of the reviewers 
and not necessarily those of the members of the 
Editorial Board of this BuUetm) 

The Commonsense Psychiatry of Dr Adolf Meyer Bv Aueed Lief XVIII + 677 
with a frontispiece, glossary and index McGraw-Hill, New York, 1948 $6 50 

Under this title, Mr Lief has presented an anthological biography of Dr Adolf 
Meyer,— a book, largely in Dr Meyer’s own words, in which one can trace the 
development of his thought and teachmg, with suflSaent biographical matenal to 
provide personal perspective 

Large numbers of students and assoaates who knew Dr Meyer as “the Pro- 
fessor,” have now this sohd, attractively prmted, volume with which to re-view 
many matters origmally viewed as difficult or mcomprehensible In this review 
many wiU find themselves a bit puzzled to understand why it was ever so mystrfy- 
mg Mr Lief has wisely chosen those central themes of Dr Meyer’s developmg 
thought around the ever-recurrmg, deeper problems of psychiatry and medicme, 
and those who now re-read his words, with a mature medical expenence as back- 
ground, may therefore find them more understandable, more exatmg, more cogent, 
than they seemed when ongmally heard or read 

Another large group of readers will also find this an extremely useful and stimu- 
lating book — the great number of present-day psychiatrists to whom Dr Meyer 
has been a symbol often referred to but not so often read Even those who have 
spoken or wntten glibly about “Adolph Meyer” and who profess to have read 
his (non-existent) “textbook of psychiatry” can now achieve an approximate 
honesty by readmg this book 

Your reviewer, m readmg Mr Lief’s book, has gamed a clearer perspective of 
Meyer as essentially a biologist with a speaal mterest m constructmg a broad 
basis for a biological “saence of man ” For this general purpose, comparative 
neurology w as Meyer’s “structural-functional” framew ork, and m clmical psychi- 
atry, “the experiments of nature” were daily “scrutmized” for better understanding 
of “man-function ” The ergasia-formulations may be taken symbohcally to repre- 
sent Dr Meyer’s preference for a d3Tiamic biological (Greek-rooted) functional 
frame of reference, and his aversion to a static (Latm-rooted) pigeon-hohng 
onentation for dmical psychiatry 

The title to Mr Lief’s book somewhat unpleasantly imphes a propnetary claim 
to “common sense,” as if other psychiatric views and practices did not partake 
of “common sense ” Your reviewer might undertake to dispute the aptness of 
this imphcation if it were not so difficult to define “common sense” when used 
as a laudatory adjective There is a deeper meanmg, however The “consensus” 
w-as an inherent part of Dr Meyer’s mode of operations He sought a “consensus” 
■with each patient, he sought a “consensus” ■with his staff, with other earnest w ork- 
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ers m the broad fields of psychiatry and neurology, and this everlasting search for 
common ground and mutual agreement was an outstanding characteristic of 
Meyer’s work pattern — the Meyergasia, so to speak 
In this sense of a searching for the sense of thmgs, and searchuig for a sense 
which could be agreed upon m common, "common sense” is an apt methodological 
characterization of Adolf Meyer’s method of psychiatric work 

John C Whitehorn 

Synopsis of Psychosomatic Diagnosis and Treatment By Flanders Dunbar, M D 
SOI pages C V Mosby Company, St Louis, 1948 
Dr Dunbar’s reputation, the excellent bibliography, and the handy format 
make this book very temptmg However, as poor organization, poor selection of 
material, and faulty editorship are the outstandmg features, the reader's attention 
must be directed to the excellent chapter on metabolic and endocrine disorders 
written by Dr Robert C Lowe, and the highly competent portions devoted to 
gastromtestmal disorders and arthritis 
The book is not a synopsis It is a collection of origmal articles mixed with a 
pecuhar array of incomplete chapters Some topics are covered m considerable 
detail while other important subjects are either mentioned m passing or are entirely 
omitted Some chapters have little place m a book with this title and were better 
eliminated, particularly when it has been found necessary to confine all remarks 
on general therapy and rehabilitation to four pages 
The book is mtroduced by a chronology of fetal development, its pertinence is 
purely hypothetical and of little interest to the reader of a synopsis The second 
chapter by L W Sontag is an mtrigumg and scholarly presentation of determmants 
of predisposition to psychosomatic ailments, the emphasis on genetic and intra- 
uterine mfluences is not only purely hypothetical, but out of keepmg with most 
of the literature including the chapters which follow in the book The third m 
troductory chapter concerning the nervous system seems to the reviewer to be a 
poor and uncritical selection of data 

The editorship of the clinical chapters is puzzling For example, the chapter 
entitled “Vasomotor, Trophic, Oral, and Skm Disorders” confines itself to skin 
ailments and completely neglects such conditions as Raynaud’s Syndrome, mi 
graine, and causalgia The chapter on “Eye, Ear, Nose, Throat, and Dentition” 
devotes twenty pages and the only illustrations in the volume to disorders of 
dentition, most of which is not only trivial but of little interest to the internist, 
but does not mention the nose and throat, although the author must be aware of the 
work on emotional influences on the nasal mucosa being carried on at Cornell 
There are many other strange inconsistencies 

The book can be recommended for the few good chapters with the hope that the 
remainder will not turn the reader from the field which Dr Dunbar had previously 
done so much to further 
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Geriatric Medicine The Care of the Aging and the Aged 2nd Edition E J Shegutz, 
Editor 773 pp W B Saunders, Philadelphia, 1949 $12 00 
Forty-seven expenenced authors have contributed 44 chapters to this text-book 
which covers the fields of mediane and some aspects of speaal surgery The aim 
of this symposium is to enhance the “apphcation of understandmg of the changes 
w'hich come wnth senescence to aU the facets of medical practice” The need for 
such an effort is beyond argument, there is some ground, however, to question 
whether a text of this nature is the best solution to the problem 

There are some introductory chapters on general prmaples of the agmg process 
which make available a certain number of valuable quantitative data diluted by a 
large quantity of generahsations, aphorisms and slogans which are presented in 
extended form In some sections the paucity of specific information is disappointmg, 
in others, many chmcians w’ould disagree vehemently with the advice given For 
example, m a brief discussion of sleep, the only sedatives mentioned are pheno- 
barbital and sodium pentothal, failure to mention barbital and chloral hydrate is 
difficult to understand when the drugs recommended here are notorious for their 
capacity to produce confusion m the elderly patient 

A second critiasm may be directed toward the mclusion in this book of articles 
which, although superb clinical treatises, are not of special geriatric mterest For 
example, Talbott’s chapter on gout and Keefer’s on diseases of the aorta are 
magnificent essays which appear to be forced mto the book for purposes of com- 
pleteness In view of the rapidly mounting costs of medical texts, it would seem 
important that authors and editors stnve to reduce rather than expand the size 
of their books 

It is somewhat dismaying to find m a text of 773 pages devoted to geriatric 
medicme that “Mental Changes with Normal Agmg” is dealt with in a matter of 
14 pages and “Mental Disease” m another 15 pages By contrast, “Surgical Renal 
Disease” occupies 16 pages, “Diseases of the Prostate” 18 pages and “Diseases of 
the Bones” 31 pages 

Despite certam deficienaes noted, this text provides m one source a large 
quantity of mformation related to geriatric medicme which is dissemmated through- 
out the hterature It will furnish a startmg pomt for those requiring an introduc- 
tion to gerontological problems and is to be recommended as a prelirmnary ref- 
erence text 

J L L,Jr 

Cardiac Catheterization in Congenital Heart Disease Andre Codrnand, Janet S 
Baldwin and Aaron Huoieistein 108 pp $4 00 Published by the Com- 
monaiealth Fund, New York 

The book of Coumand and his co-workers is primarily concerned with non- 
cyanotic malformations of the heart Its general section deals with the technique, 
equipment and with comphcations of the method This section also includes charac- 
teristic blood pressure traemgs and formulae used m the calculation of the blood 



402 


BOOK REVIEWS 


flow through various parts of the circulation Cournand is well equipped to discuss 
this procedure since he was the first to use catheterization as a diagnostic tool in 
this country, and to standardize the technique so that it may be safely used for 
diagnosis and investigative purposes Several pomts in the general section of the 
book deserve mentioning The authors perform catheterization m children under 
9 years of age under basal avertin anesthesia Other workers prefer morphine sco 
polamine Cournand and his co-workers use a modified Hamilton manometer and 
also mention the more popular electrical recording devices Accordmg to Cournand, 
the most frequent comphcations of catheterization m CongenitalHeartDiseaseare, 
air emboli, venous and mtracardiac thrombosis and cardiac arrythmias The latter 
IS the most serious complication Fortunately, however, the combined deaths from 
the procedure, reported from various laboratories is probably less than 1 percent 
The pressure recordings are excellent and should be of the greatest value to all 
those who are interested in the diagnosis of Congenital Heart Disease The formulae 
for the calculation of the various volume flows are similar to those used m other 
laboratories 

In the second section of the book Cournand and his co-workers deal with the 
application of catheterization to specific malformations of the heart and great 
vessels The correlation of clinical and physiological findings is of particular value, 
since it enables the authors to establish patterns for the more typical forms of 
Congenital Heart Disease 

Cournand’s book stresses the fact which has been so often overlooked m the 
past that a simdarity in gross pathology is often associated with a large variety of 
physiological and clmical findings The book should be considered essential to 
all those who are interested in the apphcation of modern physiological methods to 
the study of Congenital Heart Disease 

Richard J Bing 

PracHce of Allergy By Warren T Vatjghn, M D Revised by J Harvey Black, 
M D , Second Edition, 1132 pp Illus §15 00 C B Mosby Company, St Louts, 
1948 

The present writer had the opportunity of reviewmg the first edition of this 
book published m 1939 The second edition necessitated by ever-increasmg knowl 
edge in the allergic field was interrupted by Dr Vaughn’s untimely death, and 
Dr J Harvey Black undertook the diflicult task of completing the revision Dr 
Black tried, as he states, to “retain the quality and the flavor of the book so that it 
might remam as it was written — ^Warren Vaughn's book ” Except for completely 
new and good sections on pollen field surveys and the development and techmque 
of Aerobiology by 0 C Durham, Chief Botanist of the Abbott Laboratories, a 
complete revision of the chapter on fungus infection and associated allergies by 
Dr J B Howell, and a chapter on vital capacity and pulmonary physiology by 
Dr James Holman, the general text remains essentially as Dr Vaughn origmally 

wrote it in 1939 , 

The historical aspects of the development of our present understanding o 
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dimcal allergy and the discussion of the general characteristics of clinical allergy 
are followed by individual sections devoted to the physiologj' of allerg}, allergic 
diagnosis, diagnosis and treatment of food allery, food allergens, pollens and other 
inhalent antigens, bactenal allergy, fungi, serum disease, anaphylactic shock, drug 
allergy, contact allergy, physical allergy, the pharmacology of allergy and finally 
the specific allergic syndromes as met with m human beings 

Dr Vaughn possessed an encyclopedic mmd and the subject matter is presented 
in an mterestmg manner His style, however, is somewhat ramblmg, repetitious 
and at times speculative m character Dr Vaughn was particularly mterested m 
speaal phases of allergy which are given a disproportionate amount of space One 
hundred and sisty-one pages are devoted to the diagnosis and treatment of food 
allergy, the importance of which m climcal allergy has been senously questioned 
by many physiaans m recent years Food allergy as a com m on cause of asthma, 
chronic rhimtis, migrame, cohUs and hypertension has aroused skepticism m 
many mmds Of the promment allergists m this country. Dr Vaughn was an expert 
botamst and the detailed section of two hundred and sixty-eight pages devoted 
to plants and pollens reflect his mterest and knowledge 

The treatment of hay fever of the seasonal type reflects the fact that the im- 
munologic mechanism confemng protection on the mdividua is not yet known, 
and therefore, the appropnate dose of pollen extract for any given mdmdual can- 
not be foretold The discussion of perennial rhimtis, a more senous afiliction though 
less common than seasonal hay fever m which aetiology and successful therapy is 
more difficult to obtam receives only mmor consideration Likewise, the section on 
urticana and angioneurotic oedema, espeaally of the chrome type should be 
amplified Only twenty-four pages are de\ oted to asthma where as thirteen pages 
are devoted to migraine, which m the expenence of this reviewer is only rarely due 
to food allergy The disproportionate emphasis on special subjects should be even- 
tually corrected 

Certain sections could be combmed to present repetition, for example, anaphy- 
lactic shock and serum disease could be mduded m the first section which covers 
the historical development of anaphylaxis and dimcal allergy The section on 
dmical characteristics of allergy (Part II) could be combmed with allergic diagnosis 
(Part rV) There is, however, much good matenal m this book reflectmg Dr 
Vaughn’s wide dimcal expenence as stated m the review of the first edition ten 
years ago The many case analyses, the numerous good photographs taken by the 
author with a Lecca camera lend a personal touch not usually encountered m most 
text books Numerous portraits of early mvestigators are also of mterest. The 
bibliography is extensiv e but not complete The pnntmg, on good grade paper, is 
easy to read, a recommendation when one considers the size of the book 

A textbook of ov er 1000 pages on a speaal phase of medicme necessanly must 
contam a great amount of detail, to the extent that this volume serve more as a 
reference book than a concise text book for medical students and physiaans who 
are not too famihar with the mmutae of aUergy 


W L W 
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Advances tn Pediatrics, vol 3 Edited By S Z Levine and others 363 pp $7 50 
Published by Interscience Publishers, Inc New York 
This volume contains eight excellent articles written by experts Five of the 
articles are factual reviews of the subjects covered These are of timely interest 
and a storehouse of information to be used either for teaching or for meeting a 
specific practical problem m diagnosis or therapeutics The other three articles are 
of a different nature, for in them the contribution is that of point of view of the 
author himself All three deal with some phase of development Lawson Wilkins’ 
article deals with sexual development, and although much is concerned with 
physiological and anatomical abnormality, there is an excellent discussion of the 
variations in “normal” development, a discussion much needed in these days of 
commercialized pressure to use endocrine drugs of doubtful efficacy or safety, 
whenever the patient varies even a little from the average 

Hilde Bruch’s article on puberty and adolescence is an original contribution of 
first rate importance, amounting to much more than a review of recent advance 
In it, she has reviewed an entire subject including anthropological, sociological and 
other aspects of puberty, as well as making her own contribution to an understand 
ing of the psychology of this period 

Milton Senn’s article while in general a good presentation of the psychological 
factors in childhood development, tends too much to dogmatic statement He 
illustrates a fault not too uncommon among psychiatrists of generalizmg on the 
basis of “slanted material”— the psychiatrist seldom sees a “normal” child, except 
his own In spite of these somewhat mmor “defects” the article is a good presents 
tion of present pomts of view in child psychology 

H W J 

Hematology for students and practitioners Revised 2nd edition Willis M Fowler 
535 pp $8 50 Paul B Hoeber, Inc , New York, N Y 
This compact volume is designed to present in concise form a resume of clinical 
hematology for the medical student and practitioner The major portion of the 
text IS concerned with descriptions of the blood dyscrasias However, there are 
brief sections dealmg with basic anatomical and physiological concepts and a 
chapter describing routine hematologic methods The volume is not intended as a 
reference work and does not deal exhaustively with the subject matter discussed 
A bibliography is provided at the end of each chapter, but specific references to 
the literature are not cited in the text The book is clearly written, is very readable 
and contains a wealth of accurate and well condensed information The author 
presents fairly both sides of many controversial points, but here and there un 
qualified statements appear which certainly would not meet general approval 
For example, the normal intravascular fluidity of the blood is attributed to the 
presence of heparin In another section, one is led to believe that leukemia can be 
transmitted from man to animals In view of our present knowledge of iron me- 
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tabolism it seems regrettable that the term “idiopathic” hypochromic anemia has 
been retamed For the most part, however, the book is up-to-date and is v ery ade- 
quate for the purpose for i\hich it was written 

C L C 

Clinical Cystoscopy By Loweain E McCeea 2nd ed 1152 pp 742 Ulus (201 in 
color) $28 00 F ^ Dams Company, Philadelphia, 1949 
This IS an enlargement of an already proven first edition authontative text on 
cjstoscopy There is a presentation of every phase of cystoscopy and related uro- 
logical fields so that m fact it becomes almost an omnibus of urology The two 
two volumes are beautifully prmted, and the illustrations on almost every page 
add clarity and understandmg to the well presented and well documented text 
The enlarged and improved index and the profuse bibhograph> are helpful in 
attaimng the desired end — a ready, useful reference book 

The author’s use of his excellent cjstoscopic photographs, m which he has 
pioneered, is mterestmg and mstructive However, the cystoscopic drawings are 
often clearer, and one wonders if a more careful use of post mortem matenal might 
not be more satisfactory The text and value of the book often suffer from the 
attempt to mclude a little bit about everythmg m cystoscopy and related urology, 
sometimes at the expense of fundamental detail At times the author is of necessity 
didactic and sometunes on controversial subjects Unfortunately, some of the 
drawings, which are copies of familiar ongmals suffer m the transfer, and one won- 
ders why the ongmals were not used 

The two volumes undoubtedly cover the field of climcal cystoscopy more com- 
pletely and carefully than any other available text Their breadth of scope and 
their usefulness as reference matenal for the unusual as well as the commonplace 
findmgs of cj'stoscopy should recommend them highly to any student of urology 
and particularly to the neoph> te who is trymg to master the mtncaaes of the sub- 
ject 

W E G 

Atlas of Peripheral Nerve Injuries WrLLiAir R Lvons axd Barnes Woodhall 
339 pp $16 00 IT’' B Saunders, Phila Pa 
This monograph presents the pathologic changes of penpheral nerves as they 
hav e been seen m war casualties of World War II treated in Army general hospitals 
during the years 1943, 1944 and 1945 

After a bnef summaiy of the pathologic techniques used in the preparation of 
the tissues, and a glossary of the terms emplov ed, the authors describe bnefly the 
normal histological structure of peripheral nerv e The madence of penphery nerv e 
mjunes in World War I and H is discussed with particular reference to the surgical 
treatment 

By means of hundreds of photographs, some m color, of gross and histological 
specimens, the authors illustrate the changes m the proximal and distal stumps of 
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severed nerves, the alterations in neuromas m contmuity, and the effects of ischae- 
mic lesions on the peripheral nerve and muscle The outstanding feature of this 
book IS the profuse use of illustrations with accompanymg legends and pertinent 
comments of mterest to all workers m the field of neurology 

Although a representative bibhography is appended, httle attempt is made to 
integrate the contents of the monograph with pre-existing knowledge of peripheral 
nerve pathology Perhaps the voluminous material at the disposal of the authors 
seemed sufficiently great to make superfluous, comments on opmions based on 
fewer cases Many readers will wish that the hterature had been more fully dis 
cussed 

As an atlas, this is a superb contribution Its format and prmtmg are pleasmg 
to the eyes But one could not help wishmg that the end results m the cases had 
been known, so that the effect of the vanous pathological states described might be 
correlated with the functional restoration of the nerve We may hope that the 
exigencies of civilian life do not place too many obstacles m the way of the authors, 
so they may prepare, as they announce m an addendum, a separate monograph on 
the mfluence of the neuropathologic changes described m this atlas upon peripheral 
nerve regeneration 

A E W 
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LOW ELECTRICAL SKIN RESISTANCE IN THE REGION OF 
PAIN IN PAINFUL ACUTE SINUSITIS* 

THOMAS E VAN METRE, JR-f 

Psichobiologtcal Laboraiory Phipps Ps^chtatnc Chute, and ihe Department of Medicine, 
Johns Bopkins University Medical School, Baltimore 5, Maryland 

Received for pubbcation October 6, 1949 

Objective signs of pam are of obvious importance, particularly when 
commumcation with the patient is imposible or untrustworthy Such 
signs may be found by careful examination of accessible areas of re- 
ferred pam in visceral disease Here it may be possible to map out 
areas of hyperaesthesia, muscle spasm, abnormal sweatmg, vasomotor 
changes, and areas of increased pilomotor activity (1) Any techmc 
which makes this exammation more dehcate should be useful Such 
signs as abnormal sweatmg, vasomotor changes, and mcreased pilo- 
motor activity suggest the existence of sympathetic hj^peractivity m 
the region of referred pam Study of electrical skm resistance offers an 
extremely sensitive method for demonstrating areas of sympathetic 
hyperactivity (2) This method wiU pick up changes m sympathetic 
activity which the physical senses of the exammer cannot It rmght be 
useful, therefore, m the exammation of areas of referred pam 
Painful smusitis affords an ideal testmg ground for detenmnmg the 
value of the skm resistance method in studjong areas of referred pam 
The disease can be diagnosed accurately Defimte pam is referred to 
the surface of the body Various therapeutic procedures give rehef 
from pain without mterferrmg with the skm of the pam reference area 
It is possible, therefore, to obtam accurate measurements of skm 
resistance before and after relief of pain 
It was deaded, therefore, to study electrical skm resistance m the 
region of pam m painful acute sinusitis This is a pr eliminar y report 
containmg observabons on nme pabents. 

*Camed out under a contract between the 0£5ce of the Surgeon General of 
the U S Army and The Johns Hopkins Umversity 
t Captain, MC, TJ S Army, stationed at Heidelberg, Germany 
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forth betiv een areas of high and low resistance at successively smaller in- 
tervals, it was possible to determine quite accurately the point at which 
the resistance dropped This pomt was marked with a skin marking 
pencil This process was repeated on other parts of the face until by 
joimng all of the pomts together the boundary of the entire area of 
low resistance could be defined Then the area of low resistance was 
explored using a similar rheostat settmg to make sure that the area 


FACIAL PATTERNS OF SKIN RESISTANCE 
t DOTTED ) IN NORMALS 



A B 

ROOM TEMPERATURE COLD ROOM 


Fig 1 Faaal pattern (stippled) of low electncal skin resistance in normal 
individuals 

A Shows the large type of pattern seen when the subject is m a warm en- 
vironment or when exated 

B Shows the constricted type of pattern seen when the subject is m a cold 
enwronment (55°F) The pattern may become e\en smaller and m\olve only the 
mouth and lips These normal patterns are mvanablj sj-mmetncal 


contamed no islands of high resistance Finally, the rheostat was ad- 
justed so that the current from the battenes scarcely deflected the 
ammeter pomter when the electrode was at the outskirts of the area 
of low resistance The low resistance area was then further explored 
in order to detect areas of still lower resistance This procedure was 
contmued until the high, mtermediate, and low resistance areas of 
the entire face had all been mapped 
The skin of the normal face shows a sharply demarcated sjunmetncal 
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severed nerves, the alterations in neuromas m continuity, and the effects of ischae 
mic lesions on the penpheral nerve and muscle The outstanding feature of this 
book IS the profuse use of illustrations with accompanymg legends and pertinent 
comments of interest to aU workers m the field of neurology 

Although a representative bibliography is appended, little attempt is made to 
integrate the contents of the monograph with pre-existing knowledge of penpheral 
nerve pathology Perhaps the voluminous material at the disposal of the authors 
seemed sufficiently great to make superfluous, comments on opmions based on 
fewer cases Many readers will wish that the hterature had been more fully dis 
cussed 

As an atlas, this is a superb contribution Its format and prmtmg are pleasing 
to the eyes But one could not help wishmg that the end results m the cases had 
been known, so that the effect of the vanous pathological states described might be 
correlated with the functional restoration of the nerve We may hope that the 
exigencies of civihan life do not place too many obstacles in the way of the authors, 
so they may prepare, as they aimounce m an addendum, a separate monograph on 
the influence of the neuropathologic changes described in this atlas upon penpheral 
nerve regeneration 


A E W 
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LOW ELECTRICAL SKIN RESISTANCE IN THE REGION OF 
PAIN IN PAINFUL ACUTE SINUSITIS* 

THOMAS E VAN METRE, JR-t 

Psyc! oholostai} Laloratery Phpps Ps^chatnc C/imc, and the Department of Medicine, 
Johns Uophns XJni~ersity Medical School, Baltimore 5, Mar^larA 

Rccci\ cd for publication October 6, 1949 

Objecti\e signs of pain are of obvious importance, particularly when 
communication with the patient is imposible or untrustworthy Such 
signs maj be found by careful examination of accessible areas of re- 
ferred pain in Msceral disease Here it may be possible to map out 
areas of h 3 'peraesthesia, muscle spasm, abnormal sweating, vasomotor 
changes, and areas of increased pilomotor activity (1) Any technic 
which makes this examination more dehcate should be useful Such 
signs as abnormal sweating, vasomotor changes, and mcreased pilo- 
motor actmty suggest the existence of sympathetic hyperactivity m 
the region of referred pain Study of electneal skin resistance offers an 
extremely sensitive method for demonstrating areas of sympathetic 
liyTieractixnty (2) This method will pick up changes m sympathetic 
activity which tlie physical senses of the exammer cannot It might be 
useful, therefore, in the examination of areas of referred pam 
Painful sinusitis affords an ideal testing ground for determming the 
value of the skin resistance method in studying areas of referred pam 
The disease can be diagnosed accurately Definite pain is referred to 
tlie surface of the body' Vanous therapeutic procedures give rehef 
from pain without interfemng with the skin of the pam reference area 
It IS possible, therefore, to obtam accurate measurements of stm 
resistance before and after relief of pam 
It was deaded, therefore, to study electneal skm resistance m the 
region of pain m painful acute sinusitis This is a preliminary report 
containing observations on nme patients 

*Cirncd out under a contract between the Office of the Surgeon General of 
the U S \rm\ and The Johns Hopl ins Umversitv 

tCaptuin, AIC, TJ S Armv, stationed at Heidelberg, Germanj 
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MATERIALS AND METHODS 

Skin resistance was measured with a 22 5 volt dennometer (3) m 
the manner descnbed by Richter and Woodruff (4) 

The dermometer arcuit consisted of a 22 5 volt battery, a rheostat 
to regulate the voltage apphed to the patient and a microammeter which 
registered change m resistance of the skm This was connected to the 
patient by means of two electrodes One of these electrodes was pamted 
with Cambndge Electrode Jelly and secured to the patient’s ear lobe 
This ear lobe had been previously punctured with a needle m the area 
of attachment of the electrode Therefore, this electrode was m con- 
tact with the highly conductive flmds of the body The second elec- 
trode was movable and could be brought mto contact with the skin of 
any portion of the body Because of the attachment of the first elec- 
trode to the conducting flmds of the body, the resistance of the skm 
beneath this movable electrode was the resistance measured by the 
dermometer (2) 

In these experiments the dermometer was not used to measure actual 
resistance, but rather to mdicate changes in resistance as the movable 
electrode was moved from place to place on the skin The current from 
the battenes was so adjusted that when the movable electrode was 
placed over areas of high resistance, the ammeter pomter moved no 
more than a few divisions on the dial Consequently, when the elec- 
trode was placed over areas of lower resistance, the pointer moved 
further across the dial By using the rheostat to regulate the current 
properly it was possible to determme the pomts of highest skm resist- 
ance, the pomts of lowest skm resistnce, and the points of skm resist- 
ance which were at various mtermediate levels between the two 
extremes 

The skm resistance pattern of the face was mapped out by the fol- 
lowmg procedure The movable electrode was placed in contact with 
the skm of the upper part of the forehead, which has a comparatively 
high resistance The rheostat was set so that the current from the bat- 
tenes scarcely deflected the ammeter pomter Then the movable elec- 
trode was moved towards the center of the face, touchmg the skm at 
points one-half inch apart A dose watch was kept on the ammeter 
pointer for a sharp deflection which would show that an area of low 
skm resistance had been reached By movmg the electrode back and 
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forth between areas of high and low resistance at successively smaller in- 
tervals, it was possible to determine quite accurately the point at which 
the resistance dropped This pomt was marked with a skin marking 
pencil This process was repeated on other parts of the face until by 
joimng all of the points together the boundary of the entire area of 
low resistance could be defined Then the area of low resistance was 
eiqilored using a similar rheostat setting to make sure that the area 

FACIAL PATTERNS OF LOW SKIN RESISTANCE 
t DOTTED ) !N NORMALS 


A B 

ROOM TEMPERATURE COLD ROOM 

Fig 1 Faaal pattern (stippled) of low electrical skin resistance m normal 
mdividuals 

A Shows the large type of pattern seen when the subject is m a warm en- 
vironment or when excited 

B Shows the constricted type of pattern seen when the subject is m a cold 
environment (55°F) The pattern may become even smaller and involve only the 
mouth and bps These normal patterns are invanably symmetrical 

contamed no islands of high resistance Finally, the rheostat was ad- 
justed so that the current from the battenes scarcely deflected the 
ammeter pomter when the electrode was at the outskirts of the area 
of low resistance The low resistance area was then further explored 
in order to detect areas of still lower resistance This procedure was 
continued until the high, intermediate, and low resistance areas of 
the entire face had all been mapped 

The skin of the normal face shows a sharply demarcated symmetrical 
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area of low electrical resistance which usually includes both eyelids, 
the nose, the mouth, and varying portions of the forehead, of the 
cheeks, and of the skin of the lower hp This area vanes in size accord- 
ing to the external temperature (Fig 1) In warm environments the 
area of low skin resistance may dilate to include the skin of the entire 
face In cold temperatures the area becomes progressively smaller until 
it includes only the mouth and hps This area is called the normal 
facial pattern of low skin resistance (4) 

A large normal facial pattern of low skin resistance often overlaps 
the area of referred pain It could interfere with the detection of ab- 
normal low skin resistance m the painful area Therefore, the patients 
were cooled m a cold room (55°F) or with an electric fan m order to 
reduce the normal facial pattern to the smallest possible size By use 
of this procedure it was possible to remove the normal facial pattern 
from the area of referred pain 

Using the methods described above, the facial skin resistance pattern 
was determined in nine consecutive cases of acute sinusitis which were 
seen at the Johns Hopkins Hospital, Baltimore, Maryland, and the 
General Dispensary, U S Army, Pentagon Building, Washington, 
D C 

Since morphine and most other analgesics have a marked effect on 
the electrical skin resistance, the patients were examined before they 
received any form of medication 

RESULTS 

An abnormal area of low skin resistance was found in the region of 
pain in each of the mne consecutive cases of painful acute sinusitis 
These abnormal low resistance areas disappeared after the pain went 
away in the seven cases that were followed 

Fig 2 shows these results in more detail The drawings labeled 
‘A’ show the typical distribution of pain m each case (solid black 
shading) T his is entirely typical of the type of sinusitis involved 
The drawmgs labeled *B’ show the low facial skin resistance patterns 
while pain was present These (stippled) asymmetrical patterns have 
two components first, the symmetrical normal facial pattern of low 
gkin resistance, second, a sharply demarcated area of low skin resist- 
ance that m some manner is associated with the pain It may be con- 




Fig 2 Data on the 9 cases of acute sinusitis In each instance drawing ‘A’ shows the distribution of pain, drawing 
'B' shows tlie electrical skin resistance pattern while pam was present, and drawing ‘C’ shows the skin resistance pattern 
after pain Iiad disappeared 
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tiguous to or partially superimposed on the symmetncal facial pattern 
The resistance in this painful area may be equal to (case 8,9), lower 
than (case 3, 7), or higher than (case 1, 2, 4, 5, 6) the resistance found 
in the symmetncal facial pattern of low skin resistance The drawings 
labeled ‘C’ show the low skin resistance patterns after pain had disap- 
peared (stippled) These patterns are all normal symmetrical facial 
patterns of low resistance The abnormal areas of low skin resistance 
seen in drawing ‘B’ have disappeared along with the pain It is of 
interest that although aU of the mappings on an individual patient 
were done under the same external environmental conditions, the sym- 
metrical facial pattern of low skin resistance is small when pain is 
absent Sinus pain, therefore, seems to cause two skin resistance phe- 
nomena (a) an abnormal area of low skin resistance which is located 
in the region of pain and (b) a symmetrical enlargement of the normal 
facial pattern of low resistance 

Physical examination detected evidence of sympathetic hyperac- 
tivity in only one patient In case 8, visible hyperhydrosis was noted 
in the region of pain and abnormal skin resistance This patient 
was not followed and consequently it is not known what happened to 
the hyperhydrosis after rehef of pain 

DISCUSSION 

The findings reported above have not been observed in studies of 
the facial skin resistance patterns in a very large number of patients 
without acute sinusitis Therefore, it is reasonable to presume from 
the data advanced that abnormal areas of low skin resistance can be 
found in the region of pain in acute painful sinusitis It is probable 
that this area of low skin resistance is due to sympathetic hyperac- 
tivity in the region of referred pain In favor of this possibility is the 
large body of evidence showing that the resistance of intact skin varies 
with sympathetic activity, particularly of the sweat glands, being high- 
est when sympathetic activity is low or is eliminated by sympathec- 
tomy, and being lowest when sympathetic activity is high (2) The 
visible hyperhydrosis present in the area of pain in case 8 may be further 
evidence of local sympathetic hyperactivity However, the lack of in- 
formation on what happened to this patient after pain was reheved 
limits the value of this evidence 
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These areas of abnormal low skin resistance m the region of sinus pain 
may prove to be of considerable value in the diagnosis of sinusitis 
However, further studies will be necessary first to indicate (a) whether 
such areas can be found in all painful cases of sinusitis, (b) whether 
they are present in cases of painless sinusitis, (c) whether they may be 
present m cases with faaal pain due to causes other than sinusitis 
Additional investigation is called for to determine whether these 
findings m referred sinus pain will be present m referred pain from 
any viscus 


CONCLUSIONS 

An abnormal area of low skin resistance was found m the region of 
pain in each of nine consecutive cases of painful acute sinusitis In 
the seven cases that were followed these low resistance areas disap- 
peared after the pain was removed 
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The immediate response of a host m adjusting to an invading virus 
IS not yet undestood, so that changes m the sera m the acute phase of 
an infection are of particular interest Burnet and Anderson in 1946 
(1) described a phenomenon in which human red cells, previously 
“sensitized” by the virus of Newcastle Disease of chickens, were then 
agglutinated by the sera of patients having infectious mononucleosis 
They suggested this might indicate a serological relationship between 
the two diseases Although agglutination of Newcastle-sensitized cells 
by sera from cases of infectious mononucleosis has not been consist- 
ently demonstrated in this country, the pecuhar abihty of certain 
sera from other diseases to agglutinate these sensitized cells has been 
demonstrated (2) It was also shown by the Australian workers that an 
agglutmm of sensitized chicken cells was present in the sera of chickens 
infected with Newcastle Disease We have studied particularly the 
phenomenon m the chicken and have defined the conditions under 
which it occurs It is a property of serum taken early m the course of 
active disease and not in the convalescent stage 

“Sensitization” of either human or chicken red cells is achieved by 
exposing a concentrated cell suspension to the action of a suspension of 
Newcastle virus m an incubator for 2 hours During this time virus 
has presumably been adsorbed on and subsequently released from the 
red cells The cells are then washed 3 times in saline A suspension of 
these cells may be shown to be altered m that they will no longer be 

*Supported in part by a Grant in Aid from the National Institutes of Health, 
USPHS 

tThe ori ginal descnption of Burnet and Anderson calls for 1/2 hour, but m 
our experience 2 hours produced more stable cells 
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agglutinated by a second exposure to the virus These sensitized cells 
can, however, be agglutinated by certain sera which do not agglutinate 
normal cells 

In this paper we will consider the agglutination of sensitized chicken 
cells by sera from acutely infected chickens and the factors which m- 
fluence this agglutination In a later paper we wiU consider the ag- 
glutination of human “0” cells by human sera and similar factors 
influencing this agglutination 

The results fall into three general groups First is an evaluation of 
the method of perfomung the test, secondly the study of the time 
durmg the illness of the chicken when the test is positive, and thirdly 
an attempt to study some of the characteristics of the substance 
present m chicken sera causing the agglutination 

METHOD 

In the performance of the actual test, normal cells obtained at the 
same time from the same bird, and which have received the same 
treatment except for exposure to virus, are run as controls Except 
where speafically mdicated, tests were run at 4°C One of the vana- 
bles in the test is the preparation of stable sensitized cells, i e cells 
which will not spontaneously agglutinate Prehmmary experiments 
mdicate that the time of shaking, the degree of aeration, and perhaps 
exposure to glass, all influence this stabihty 

Since the virus titer of the supernatant fluid after incubation equals 
the titer of the onginal virus suspension (3), and since no defimte virus 
particles have been seen by electron imcroscopy to adhere to the red 
cells (4), it may be assumed that few mtact virus particles remain on 
the red cells 

Preparalion of Sensitized Cells — We have two strains of Newcastle virus under 
continuous study in the laboratory One of these (“B”) is relatively avmilent, 
but IS an excellent agglutmator of chicken red cells The other, (CG179), though 
highly virulent for 8-week old chickens, is a poor and inconstant agglutmator of 
red cells (5) Recently m connection with the effect of the virus on human cells, 
we have obtamed from Dr A S Evans the ongmal Austrahan stram of vims 
used by Burnet and Anderson 

A comparison of the sensitivity of cells treated by these three strams is pre- 
sented m Table I AE three strains of vmis did sensitize cells as shown by their 
reactivity with vanous sera In general the stram of vims producmg the highest 
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titer of agglutination of red cells was the bset sensitizing virus, and the poorest 
agglutmator produced the least sensitive cells 

The degree of adsorption of the virus on the red cell might mfluence the out- 
come A comparison of the adsorption of the three strains of virus on chicken 


TABLE I 

Senstlmng Effect of Three Different Strains of Newcastle Disease Virus 




CSLLS SENSITIZED BY 


1 

# 

B 

Cg 1 

Australian 

Chicken Sera Acute Phase of Newcastle Dis 

1 

80 

10 


ease ■{- Sensitized Chicken Cells i 

2 

2560 


640 

i 

3 

160 


40 

Human Sera Sensitized Human “0” Celb j 

1 


80 


(Atypical Pneumoma) | 

2 


0 



3 

10 

2 


Chicken Cell Agglutinm Titer of Virus Prep- 


1280-2560 

0-20 

320 

arations Used 



1 



All figures refer to highest dilution causing 2+ agglutination 


TABLE ir 


Effect of Exposure of Varying Dilutions of Freshly Harvested Virus to a One Per Cent 
Suspension of Washed Chicken Cells for Varying Periods of Time 


STBAIN OF VIKUS 

DIBUnON OF 
ALLANTOIC 
FLUID EXPOSED 

conthol 

20 MmUTES 

40 minutes 

B* (agglutmator) 

1/10 

9 2 

8 8 



1/100 

8 7 


8 5 

Cg (poor agglutmator) 

1/10 

8 5 

8 3 



1/10 

8 7 


8 5 

Australian 

1/10 

9 3 


8 7 


1/100 

9 3 




* Data for this strain previously published (5) 

All figures refer to the log of the 50% infecUvity end point 


cells fails to show any correlation with the sensitivity of treated cells This may 
however be due to the crudeness of the infectivity titrations, which are probably 
not accurate below 0 6 log 

It IS indicated later that some positive human sera lost titer on re- 
maimng at 4°C This loss is less in chicken sera However, we have 
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frozen all sera in order to preserve it Freezing and thawing had little 
apparent effect on the chicken sera (Table III) 

During the course of our experiments with human sera it was found 
that tests which were run at 4°C yielded much higher titers than those 


TABLE m 


Effect of Freezing for 6 Days and Tltadnng on Acute Phase Sera Tiler 


CELLS rOE 
CHICEEN H 

SEEUir TESTED 
ATTER 

1/10 

1/20 

1/40 

1/80 

1/160 

1/320 

1/640 





24 hours m 












Deep freeze ““16®C 

+++ 

+++ 

-H-+ 

+++ 

+++ 

+++ 

+ 

0 

0 

0 


Quick freeze 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

0 

0 

0 


CO (-70 C) 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

0 

0 


Iceboi (4 C) 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

0 

0 

0 

0 

iil^7 Sensitized 

6 days in 












Deepfreeze— 16 C 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

0 

0 

0 


Quick Freeze 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+ 

0 

0 

0 


CO 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

+ 

0 

0 


Icebox 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

+ 

0 

0 


«37 Normal 

6 da>s in 












Deep Freeze 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Quick Freeze 

+ 

0 

0 

0 

0 

0 

0 

0 

0 



CO 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 


Icebox 

0 

0 

0 

0 

0 

0 

0 

0 

0 


$73 Sensitized 

6 days in 












Deep freeze 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

0 

0 

0 


Quick freeze 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

0 

0 


COi 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

+ 

0 

0 


Icebox 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

+ 

0 

0 


24 hours in Icebox 

0 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

0 

0 


TABLE IV 

Effect of Temperature on Agglutination of Sensitized Clnchen Cells* 


mSPESATVSS 


DltCnON or ACUTE PHASE SEEA 



1/20 

1/40 

1/80 

1/160 

1/320 

1/640 

1/1280 


1/5120 

4'’C 



+++ 

+++ 

++ 

+ 

0 

0 

0 

20-23°C 



+++ 

+++ 

+ 

0 

0 

0 

0 

35°C 



++ 

+ 

0 

0 

0 

0 

0 


* All of same dilutions were tested agamst normal cells and were negative throughout 


run at approximately 25°C A study of the effect of temperature on the 
test with chicken sera vs sensitized chicken red cells is presented in 
Table IV As may be seen the effect is mimmal 
In an attempt to find some of the variable factors in the tests we 
tablulated the results of the same sera agains cells from different chick- 
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TABLE V 

Effect of Source of Chicken Red Cells on /he Titer of Various Sera 

Figures m Table refer to the Final Dilution of Sera which produced a 2+ Agglutma- 
tion of Sensitiaed Cells 


INDIVIDUAL SERA 7S01I 
CHICKENS INFECTED FOR 

CELLS FROM CHICKEN # 

190 

105 

!3S 

69 

73 

6 days 

640 

80 




6 days 


320 


i 

1 




160* 




7 da}is 

160 






320* 


160 



7 days 

320 



160 


7 days 

40 



20 

1280 

7 days 



5120 

80 






320* 


7 days 




320 


8 days 

160 






80* 






• Repeated after freezing and thawing one more time 


TABLE VI 

Senstiivtiy of Different Chicken Cell Preparations Treated with the Same Virus at the Same 

Time 


SESUU 07 7th Bav infection 


CELLS rsou CHICKEN % 




20 , 

40 

80 

360 

320 

640 

1280 


3120 

Sensitized 73 

+++! 

+++ 

+++ 

+++ 

++' 


0 


9 

0 

43 

+++I 

+++ 

+++ 

+++I 

+++ 


0 

0 

0 

0 

38 

+++I 

+++I 

+++ 

+++ 

+++I 

++, 

+ 


El 

0 

37 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

+++ 

++ 

0 

26 

+++ 

+++ 

+++ 

+++ 

H — h+ 

+++ 

+++ 

++ 

m 

0 

Unsensitized 73 

i 

0 

0 

0 

1 

0 

■ 0 

0 

1 

0 

0 

\ 0 

0 

43 


0 

0 

0 

0 

0 

0 

0 

0 

0 

38 


0 

0 

0 

0 

0 

0 

0 

0 

0 

37 


0 

0 


0 

0 

0 

0 

0 

0 

26 

+++ 

+++ 

++ 

1 0 

0 

0 

1 0 

0 

0 

0 

92 

!+++ 

+++ 

+++ 

i+++ 

1 

•1 — h+ 

++ 

+ 

0 

0 

0 


ens (Table V) This shows a striking difference depending on the 
source of the preparation This is better shown in Table VI where the 
tests were run simultaneously Included in this test is the effect of the 
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same sera on unsensitized cells from the same chickens The cells from 
one of these are partially agglutmated, as are the cells of an older chicken 
( ^ 92) •which had been repeatedly bled m the past This sensiti-vity 
of untreated red cells from a chicken which has been repeatedly bled 
may become so great that a sahne suspension of these washed cells 
•will form a spontaneous pattern m the bottom of the tube The de- 

TITER OF IMMUNE SERA WITH SENSITIZED CELLS 

25" 



Time of Infection in Days 

Fig 1 

velopment of auto-agglutmation of rabbit cells m the sera of rabbits 
repeatedly bled may be a somewhat similar phenomenon (7) The 
indi^vidual vanable susceptibihty of chicken cells has been noted m 
several other -virus-red cell systems (8, 9, 10) 

It was early noted (1) and co nfir med (2) that when various animals 
indudmg chickens were mjected -with the -viruses of Newcastle or 
influenza, there developed m their serum a substance capable of 
agglutmating sensitized cells It has not been determmed whether 
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or not this virus needs to be hving However, no study of the tune of 
Its appearance and disappearance m the blood of such chickens, and 
no attempt to differentiate it from antibody has appeared 
As may be seen in Figs 1 and 2, the titer of this agglutimn of sen- 
sitized red cells rises shaiply on about the 5th-6th day and is present 
particularly during the acute phase of the ammal’s illness On the 
other hand, antibody hemagglutmm-inhibition rises perhaps a little 


TITER OF IMMUNE SERA WITH SENSITIZED CELLS 4* 



Fig 2 


later and then, as is to be expected, is maintained for at least six weeks 
(Fig 3) 

Since the agglutinin for sensitized cells is present only during the 
acute phase of the infection, as distinct from antibody, we attempted 
to determine something of its characteristics 

We found that the agglutimn obtained from acute phase sera will 
not dialyze through a collodion bag, that it does not precipitate when 
dialyzed against sahne or 2 to 3 changes of water, but that it finally 
does come doira in the precipitate with continued changes of water 
over a 2 day penod This is with an estimated dilution of the onginal 
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saline of 1/20 There was some loss of activity on dialysis winch was 
not restored by combining precipitate and supernatant and the di- 
alysate 

It has been shown that normal chicken red cells are capable of ag- 
glutinating sensitized chicken red cells We were interested in deter- 
mining wherein this factor resided and, therefore, hemolysed both 
normal chicken and normal human red cells It is interesting (Table 
VII) that human cell hemolysate produced agglutination in a 1/320 
dilution whereas the ghosts produced agglutination in a 1/8 dilution 
of the onginal 1% suspension The hemolysate from chicken red cells 


TABLE Vn 

Agglutination of Senstitzed Cells by Hemolysate and Red Cell Ghosts of Human and Chichen 

Origin 


HEUOLVSATE 1% 

O 

s 

o 

1 

o 

o 

s 

s 

o 

o 

1/1280 

1/5120 

I/IO 240 

Human hemoglobin 

+++ 

+++ 

+++ 

+4 — h 

4 — h4' 

,4- 4- 4* 

0 

'o 

0 

0 

Fowl jSs 1 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

Fowl ^2 
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0 
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0 


g 

$ 


s 
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fs 

s 

S- 

CO 

§ 

rs 

o 

1 ^ 

Human ghosts 

+++ 

+++ 

+++^ 

+++ 

0 

0 

0 



0 

Fowl 

+++ 

+ 

0 

0 

0 

0 

0 



0 

Fowl §2 

+-1-+ 

+++ 

+++ 

+++ 

0 

0 

0 



4-4- 


failed to agglutinate any sensitized red cells in a 1/10 dilution or more, 
whereas one preparation of the ghosts agglutinated in a 1/8 dilution 
of the onginal 1% suspension and the other only in the onginal 1% 
It would seem then that the agglutmatmg substance is hberated from 
human red cells by hemolysis in much greater amounts than from 
fowl red cells This is similar to the pecten antagonist of influenza 
virus-agglutination extracted by Wooley from hemolysates of chicken 
and human red cells (11) The presence of this agglutinin of sensitized 
red cells in the ghosts of chicken red cells is also remimscent of the 
influenza virus hemagglutm inhibitor which has been extracted from 
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this same source by Hirst (12) The relationship of the agglutmin 
from normal red cells and that from the acute phase sera has not 
been studied 

The presence in the blood of a proteol3dac en2yme whose activity 
vanes dunng the course of vanous diseases, including infections 
(13), led us to test the effect of commeraal trypsm, papain, and pun- 
fied trypsin* on these sensitized cells 


TABLE Vm 

Agglutination of Sensitized Red Cells by Proteases 


j 

1/10 1 

1/20 

1/40 

1/80 

1/160 

1/320 

1/610 

l/128oi 

l/2o60 

1/3120 

td cells 

■I 










■Unpunfied tyrpsin 

B 

+ 

+++ 

+++ 

+++ 

+++ 

-H-+ 

+ 

++ 

-H- 



m 

m 

1/8 

1/16 

m 

1/61 


1/2S6 

1/312 

1% Purified trypsin 

+++ 

-KH- 

+++ 

+++ 

+++ 

+++ 

+++ 

0 

H 

0 

Chloroform treated chicken sera 

0 

0 

0 

0 

0 

0 

0 

mm 
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Normal sera ^174 

0 

0 

0 

0 

0 

0 

0 

19 


^■1^9 

Kormal Cells 











XTnpunfied tOTsm 
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0 

0 

0 

0 

0 

0 

0 

0 

B 



ra 

m 

m 

m 


m 

1/128 

1/256 

1/312 

i% Purified tryiKin 

0 

n 


0 1 

n 


0 

0 

m 

0 

Chloroform treated chicken sera 




D 

0 ! 


0 

0 

0 

0 

Normal sera ^174 

B 

n 


y 

0 ! 

i 


0 

0 

B 

fl 


The results of these tests are shown m Table VIII wherem it is 
demonstrated that sensitized cells are much more sensitive to the 
agglutmatmg action of trypsm both purified and relatively crude 
Sumlar results were obtained with papam This does not mdicate 
that the agglutimn of sensitized cells is such an enzyme Pertment 
to this is the failure of chloroform treatment (14) of normal rhirhpn 
serumT to hberate such an agglutimn Such treatment of human serum 
wiU hberate the proteolytic enzyme by destruction of its inhibitor 
Furthermore, the effect of trypsm can be inhibited by soy bean m- 
hibitor which has no effect on the titer of the agglutimn m the sera 

*Courtesy Dr M Kunitz 
■fCourtesi of Dr O D Ratnofi 
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The agglutinin of sensitized red cells in chicken serum is relatively 
heat stable for no loss of activity was demonstrated after heating 
at 56°C for one half hour, but activity began to decrease after two 
hours exposure to this temperature (Table DC) 

One of the first enzyme inhibitors tested was cyanide, at concentra- 
tions varying from 0005 M to 005 M An effect was consistently 
present until the concentration of the phosphate buffer in the saline 
was increased whereupon it disappeared, even when 005 M CN was 
used Furthermore, the original cyanide effect was not reversed by 
05% methylene blue The effect of vanation in the pH of the medium 

TABLE IX 

The Effect of Heating at 56°C Upon Aggluhmn of Sensitized Cells 


DILUTION OF SERA 


EXP 

1/10 

1/20 

1/40 

l/SO 

1/160 

1/320 

1/640 

1/12S0 

1/5120 

l/IO 240 

1 i brs Heated normal sera 

0 

0 

m 

B 

n 

B 

0 

0 

n 

0 

Unheated norm sera 

-t- 

+ 

+ 


B 

B 

0 

0 

B 

0 

Heated immune sera 

+-I-+ 

+++ 

+++ 

-I-++ 

++ 

4- 

0 

0 

B 

B 

Unheated immune sera 

+4-1- 

+++ 

+++ 

-1-++ 

+4-+ 

4- 

0 

0 

0 

B 

2 2 brs Heated normal sera 

+++ 




0 


0 

0 

0 

0 

Unheated norm sera 

+++ 

+++ 





0 

0 

0 

0 

Heated immune sera 


-1-++ 

+-1-+ 


4- 


0 

0 

0 

0 

Unbeated immune sera 

+++ 

+-1-1- 

+++ 

+++ 

4-4-4- 

4-4- 

4- 

0 

0 

0 


was then studied in the range pH 5 0 to 8 9 A slightly greater effect 
of alkaline concentrations on the sensitized reaction is apparent 

Choline esterase is mentioned by some as a participant m the reac- 
tion of influenza virus with red cells (15) Di-iso fluoro phosphate, 
a speciflc inhibitor of this enzyme, had no effect on the agglutinin 
titer 

Carbon monoxide (commercial gas bubbled through the saline be- 
fore the addition of the sensitized red cells) and methylene blue in a 
concentration of 05% had no effect on the reaction 005 M hydro- 
quinone did not change the reaction, whereas 005 sodium azide 
lowered it slightly This, like the cyanide reaction, may have been 
due to a higher pH 
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TABLE X 

Effect of Variation tn pH on the Hemagglutination Reaction 


IKHIBITIOV or VIXUS 


Hemagglutination by 
Immune Sera 


Agglutination of Sensi 
tized Cells by «era 


Agglutination of Normal 
Cells by era 


Agglutination of Red 
cells by Virus Alone 


DIlimON or SEBA 
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0 
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0 

0 

0 

0 
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0 

0 

0 

0 

0 

0 

0 
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0 

0 
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DISCUSSION 

The phenomenon of agglutination of red cells by certam inruses 
IS m Itself a complex mechamsm The problem has been extended 
by the discovery that certam cells, foUoxrmg exposure to virus, become 
sensitive to agglutination by certam sera and extracts of red ceUs 
For the purpose of thinkmg about the action of Nevcastle Disease 
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Virus on red cells we have considered the problem in several stages 
The phenomenon of agglutination here is basically one of making 
the red cells sticky Unhke cells exposed to the virus of influenza, 
red cells exposed to the virus of Newcastle Disease do not settle more 
rapidly than normal cells Even with preparations of allantoic fluid 
containing Newcastle Virus titering to 5,000 by hemagglutination 
this IS true Furthermore, as indicated at the beginning of the paper, 
actual adsorption of virus on the cell even with very active prepara- 
tions may be minimal Therefore, adsorption of virus of red cells, 
and agglutination of those red cells as they settle to the bottom of 
the tube, may well be independent factors It may also be that the 
elution of virus from the red cells, and the sensitizing action on the 
red cell, are separate factors 

For these reasons we felt that the demonstration that sera taken 
from chickens infected with Newcastle disease allowed a more ex- 
tensive analysis of the phenomenon than would be possible by study- 
ing a series of patients Furthermore, the incomplete characterization 
of the serum component and its action at least allows certain things 
to be excluded 

It should, however, be emphasized that we have as yet no knowl- 
edge of whether the reaction between infectious mononucleosis sera 
and human red cells sensitized to Newcastle virus is fundamentally 
the same as the one here studied or not The presence of this factor 
in acute sera with its disappearance m convalescent sera tends to 
rule out ordinary antibody (though various types of incomplete anti- 
bodies are not ruled out) Its heat stabihty and preservation in the 
icebox eliminates complement The occasionally marked difference 
in sensitivity of red cells from different chickens raises the question 
of the role of antigens uncovered by the process of sensitization and 
differing from one chicken to another Finally, the repetition of the 
phenomenon with certain parts of the hemolyzed human and chicken 
red cell turns one’s thoughts towards inhibitor-hke substances 

SUMMARY 

Chicken red cells “sensitized” by exposure to Newcastle virus may 
be agglutinated by sera and red cell hemolysates which do not agglu- 
tinate normal red cells Four approaches have been used in trying 
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to understand this phenomenon The effects of (1) different tempera- 
tures, (2) different strains of virus, (3) cells from different chickens, 
and (4) the occurrence and stabihty of the agglutmatmg sera 

Sera taken from chickens five to seven days after they are inoculated 
with avirulent Newcastle virus will agglutmate “sensitized” cells, 
but fail to agglutmate normal cells This charactenstic of the sera 
does not obtain dunng the subsequent few days of the chicken’s 
convalescence, antibodies (anti-virus hemagglutimns) having mean- 
while appeared and persisted 

The factor in the serum responsible for the agglutmation of sensi- 
tized cells IS resistant to a temperature of 56°C for one hour, it does 
not dialyze through a collodion bag, it is preserved for 13 months in 
a frozen state, and is partially preapitated by dialysis against dis- 
tilled water 

Sensitized cells were agglutmated by a hemolysate of human red 
cells and by the washed ghosts of normal chicken cells 

Attempts to characterize the factor by some of the usual enzyme 
inhibitors failed Proteases, such as purified and crude trypsin and 
crude commeraal papain agglutmated sensitized chicken cells and 
not normal cells m the concentrations used This agglutination was 
inhibited by soybean inhibitor However, chloroform treatment of 
normal sera which in mammahan sera releases the fibrinolytic enzyme, 
faded to produce an agglutmm of sensitized cells, and soybean inhib- 
itor of trypsin did not inhibit agglutmation by the positive chicken 
sera 
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SPINAL SUBDURAL ABSCESS DUE TO A CONGENITAL 
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The following case of a congenital dermal sinus with an accompany- 
ing spinal subdural abscess has aU the charactenstic sensory and 
motor changes that Walker and Bucy mcluded under their dmico- 
pathological entity (1) The case ran essentially the same course as 
did those descnbed by Walker and Bucy, by List (2), and by Freedman 
and Alpers (3) In addition this case presents wide-spread and long 
lastmg autonomic effects, objecfave records of which were obtamed 
by means of the electncal skin resistance method 
Previous papers give a full descnption of the electncal skin resist- 
ance mapping method and of the underlymg prmciples (4) It will 
suffice to state here that the electncal resistance of the skm vanes 
mversely with the activity of the sympathetic nervous system a 
high skm resistance mdicatmg httle or no sympathetic activity, a 
low resistance mdicatmg marked S 3 mipathetic activity The dermo- 
meter used for the test consisted of either a 4| or 22J volt battery, 
a 1000 ohm potential divider, and a 50 rmcroammeter One electrode 
was attached to an ear lobe by means of a small silver plated mckel 
clasp, the other, an explormg electrode, consistmg of a sdver plated 
disc or sohd metal roller attached to a wooden handle, was held m the 
hand of the examiner and so could be moved from place to place on 
the skin 

This dermometer was used only to define the boundanes of areas 
with vanous levels of mcreased or decreased sympathetic activity, 
not to obtain an actual measurement of skm resistance m ohms 

*Camed out under a contract between the Office of the Surgeon General of the 
U S Armj and The Johns Hopkins University 

fNow at the Lahey Chnic, Department of Neurosurgery, Boston, Massachu- 
setts 
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D L E First admission June 14 to August 17, 1944 

This one year old girl was admitted with paralysis of both legs 
The lUness had started when she was 2 weeks old and a small draming 
sinus was noticed in the midlme of the lower back The fluid that 
drained from the sinus was at first clear, but after 6 months changed 
to pus Three months later the smus was excised Following operation 
the operative site drained profusely for a short time but healed com- 
pletely by the end of 6 weeks The child remamed well for several 
weeks, then became weak m the legs This condition progressed 
until 2 weeks before admission when both legs became totally para- 
lyzed 

On admission the temperature was 103 6° and the child was restless 
and uncooperative The abdomen was markedly distended with a 
huge bladder Catheterization yielded 460 cc of unne In the lower 
lumbar region in the midhne an mdurated area was present and the 
tmy opening in its center was not draimng Horner’s syndrome was 
present on the right side There was a loss of sensation on the right 
side from the mpple down, and on the left from the inguinal region 
down The knee and ankle jerks were absent on both sides 
Laminectomy performed by Dr F Otenasek revealed the presence 
of a huge intradural abscess This was opened and drained The child 
improved immediately, profuse drainage present for a few days quickly 
receded Recurrent bladder mfection and constipation constituted 
the mam post-operative difficulties An indweUing catheter was re- 
qmred until August 8 After this she had to be cathetenzed 3 times 
daily Daily doses of mmeral oil reheved the constipation The infec- 
tion was treated with pemcilhn and sulfadiazine 
By the time of discharge the child was able to walk when aided and 
the urinary infection had cleared up 

Interval Note October, 1944 Two months after discharge the child 
was seen again She had improved steadily Walking with shght sup- 
port was possible The nght side of the body from the head to the 
umbflicus did not perspire The child stfll had no bladder control 
The abdommal reflexes on the nght were dimimshed The tendon 
reflexes m the nght leg were still absent 
Second Admission November 6-27, 1947 The child was not seen 
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again until November 1947, when she was admitted to the Johns 
Hopkins Hospital for the second time at the request of her local 
ph} sician 

Since last seen, the child had made remarkable recoNerj^ She had 
grown normalh, and had had no illnesses of any kind except for 
recurrent bladder infections Since the age of 2 years she had been 
walking alone The child was alert, active, and bright She was still 
incontinent of urine Her mother catheterized her three times daity 
Constipation remained a problem The lumbar sinus continued to 
exude a few drops of pus dail}' 

Physical ExamuiaUon Temperature, pulse and respiration were 
normal \ long midline scar was present o\er the lumbar spine In 
the region of there was a small mound of granulation tissue with 
a sinus m the center from which a drop of pus could be expressed 
Ihe right leg appeared to be about 2 cm shorter than the left On 
standing, there was a scoliosis wnth an upward tilt of the pehns on 
the right 

Neurological examination showed no discrepancy in the cranial 
ner\ cs The Horner s syndrome w as no longer present jMuscle strength, 
tone and movement w ere unimpaired in the arms In the legs, how ever, 
there was marked hyqiotonus on the right The muscles were not as 
w ell de\ eloped as on the left, the right thigh being 2 cm less, and the 
calf being 14 cm less in circumference than the corresponding parts 
on the left Strength in all muscle groups was less than on the left 
and the joints were relaxed The right ankle was unstable and dor- 
siflexion poor The toes could not be moxed voluntanly On the left, 
strength and tone were much better but there was defimte weakness 
of dorsi and plantar flexion of the foot 

The child was coopera tne and accurate on sensory examination 
1 ouch was intact, as were deep pressure and position senses Vibration 
was lost at the ankles but appreciated at the knees Pam sensibility 
was diminished on the right exery where below the umbihcus, it 
appeared to be lost on the posterior aspect ot leg and ox er the buttock 
On the lett pain appreciation was diminished oxer S. and absent oxer 
the buttock There were no cerebellar difficulties The tendon reflexes 
in the arms xxere intact The abdominal reflexes on the nght could 
not be obtained The nght Mice kick was diminished and the nght 
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ankle jerk was absent The corresponding reflexes on tlie left were 
normal No pathological reflexes were obtained 
There was a limp on walking and the right leg was used as a prop 
The right ankle tended to evert The leg was strong, however, and 
would bear her weight The back was limber and could be bent in 
all directions without discomfort 
Leucocyte count showed 18,000 cells per cu mm X-rays of the 
lumbar regions showed that the spinous processes of the 3 rd and 4 th 
lumbar spines were missing There was no evidence of bone destruction 
or of osteomyelitis 



Fig 1 Drawing made at the operating table showing the sinus within the 
dural space 

The sinus was injected ivith thorotrast and the opaque material 
filled the sacral portion of the spinal canal On November 12, 1947, 
the old laminectomy incision was opened The sinus tract was excised 
as a core, and followed down into the spinal canal It ran through 
the dura, where it was connected with a long sausage-shaped mass, 
which extended from Li to the coccyx (See drawing in Fig 1) The 
roots were adherent to the outside of the mass by dense arachnoid 
tissue, but were not incorporated in it In order to expose the tumor 
it was necessary to remove the lamina at Li » 5 (L 3 4 having been 
previously removed) The sacral canal was covered with ligamentous 
tissue only It was possible to remove the tumor completely without 
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iniun to the roots except for a few of the lower sacra! filaments 
Pathological stud\ of the mass showed that it was a cxstic tumor 
lined with stratified squamous epithelium 
The post-operatix e course xxas unexentful The wound healed per 
primum without exidence of infection It was necessarx to catheten^ie 
the child for sexeral da\s She was able to walk with support on the 
Sth post-operatix e da\ and b\ the date ot discharge on Xox ember 
27, 1947 she could once more walk alone The neurological status was 
unchanged Cx stemetric studx of the bladder show ed increased capa- 
citx but good tone and normal tracing It was noted that there xxas 
no pain or desire to xoid when the bladder was distended 
Intend Notes Januar} 26 1948 The patient w^alks well but xvith 
a limp using the right leg as a prop She still is unable to moxe the 
toes of the right foot and has onlx slight control of moxements of the 
right ankle Peels pain as far doxxn as Si on the right no anesthesia 
on the left Has better control of bladder and bowel 
June 7, 1Q4S Patient has continued to improxe The knee and ankle 
jerks are still absent on the right side She has some xoluntarx control 
of moxements on right foot The nght leg is 1 cm shorter than the 
left 

ipril 20 104') In the standing position the patient's nght foot is 
IS bhghtlx exerted She walks xxell but with a limp Her nght knee 
and ankle jerks are still absent She is able to extend the small toes 
of the right toot but has no poxxer in the extensor hallucis longus or 
the antenor tibial muscle groups The nght peroneal muscles are quite 
strong The hamstring muscles of the nght leg are approximate!} 
50% of normal strength Plantar flexion ot the nght ankle is approx- 
imatelx 30% ot normal strength The patient has dex eloped consid- 
erable control ot her urinarx bladder and rectal sphincter 

Elcitnca! Skni Restniuc Examindwn 

This patient was examined 8 times oxer a penod of 5 xears beginning 
with an examination on the dax ot admission Pig 2 shoxxs the skin 
resistance patterns that xxere tound on three different occasions 
htne 14 }'>44 This examination made on the dax ot admission 
rexealed a sharplx defined unilateral area ot increased skin resistance 
(decreased sx mpathctic actmtx ) that included the entire nght halt 
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of the body A line at Tg sharply divided an iippei area with a very 
high resistance (solid black) from a lower area with only an inter- 
mediately high resistance (cross hatching) Above this line the resist- 
ance was as high as is found after a complete sympathectomy 
Ji/jie 7, ]948 This examination made 4 years after the initial ad- 
mission revealed a sharply defined unilateral area of increased re- 
sistance that still included the entire right side of the body (except 
for small facial area) The magnitude of the increase m resistance 
was much smaller than that present in 1944 




JUNE M !224 


JUNE I 1948 


igaigsiaaa 


SOLID BLACK - AREAS OF YESY tUSU RES.ISTANC 
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Fig 2 Body charts showing the areas of high, mtermcdiatelv high and norma! 
electrical skin resistance at various stages after the dci clopment of the subdural 


April 27, 1949 The examination showed that the area of increased 
resistance had diminished since the last examination It included the 
head (except for facial area), neck, shoulders, part of the arms, and 
the trunk down to Tg Ihe increase m resistance was slight but still 
very definite To ordinary visual and tactual inspection, however, 
sweating appeared to be equal on the two sides 
Increased resistance was not found on the trunk and legs, except 
for an area (solid black) on the plantar surface of the foot The resist- 
ance level of this area was as high as is found after a complete section 
of a peripheral nerve In the previous examinations its presence 
probably was missed 
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The electncal skin resistance examinations ha\e shown that the 
effects produced bj the subdural abscess on the sj-mpathetic nerx ous 
s\stem ma\ be stnctlj umlateral No denation from normal le\els 
of resistance •were obser\ed at any time on the left side of the body, 
in spite of the presence on that side of defimte alteration in sensoiy* 
and motor funcbons The effects produced on the sj-mpathetic ner\"ous 
system are, in this case, long lasting, being present e\en after 5 \ears, 
ho’ne%er in greatl} dimimshed intensity They persisted longest in 
the head and upper thoracic region, the parts of the body farthest 
remo\ed from the site of the sinus It is noteworthy that these changes 
■vsere present m the absence of any abnormahties of the sensory and 
motor sjstem in this part of the bod> The plantar surface of the 
foot shoned an area mth an apparently permanent sjmpathetic 
dener\'ation 


sumiAR\ 

This patient was born with an intradural dermal smus m the lower 
lumbar and sacral parts of the spinal canal It dramed freely through 
an opemng between the 4th and 5th lumbar vertebrae At the age 
of 4 months this draining sinus became infected and at 7 months 
the exasion of the extradural part occluded the smus and blocked 
the drainage from the intradural part The resultmg mcrease of 
pressure must have first caused the smus to become verj’- much dis- 
tended and later may ha\ e caused it to rupture, allowing the enclosed 
pus to spread freely through the subdural space Pressure from the 
abscess and/or local inflammatorj' action on the spinal roots, produced 
widespread asjTnmetncal changes m the motor, sensor}’ and auto- 
nomical nervous s} stems Below Tu-i: the effects were bilateral, above 
stnctlv umlateral 

At the end of the fimt jear drainage of the smus and treatment 
with peniaUin brought almost immediate rehef The child quickly 
became able to walk and to canx on mam activities Her bladder 
control still remained poor Two jears later when aU the infection 
had subsided the mtradural part of the sinus was readiK removed 
but some of the sacral roots ma} have been mjured in the process 
The child made a rapid recover} Some S}Tnpathetic motor and 
sensor} changes are however still present but mainl} on the nght side 
in this now 5 }ear old child 
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DISCUSSION 

An attempt has been made to reconstruct the senes of events that 
led to the changes in the motor, sensory and sympathetic nerves 
When the child was first seen the paraplegia and sensory levels (T< 
on nght, Til on left) may have been produced by pressure of the 
distended infected sinus and the subdural abscess on the spinal roots 
and cauda equina Some of the damage may also have resulted from 
direct mflammatory changes m the roots 

The fact that the sensory and sympathetic changes were asym- 
metncal on the two sides of the body is somewhat disturbing At one 
time the loss of sensation extended on the right to T4, the sympathetic 
paralysis up to Ti, while similar changes were never higher than Tn 
on the left It is extremely unhkely that the intradural portion of the 
dermal sinus extended up the nght side of the canal to the upper 
thoracic region A subdural abscess however is not restricted in its 
spread, and could easdy have reached that level It is also not diJficult 
to visualize that it spread higher on one side of the cord than the 
other While the infection may have spread that high, the neuro- 
logical deficits may not have been due to pressure by pus, but may 
have resulted from an inflammatory reaction This latter possibihty 
is suggested in view of the slow regression of the sympathetic changes, 
since alterations in skin resistance were noted in the head and arm 
long after any pressure from an abscess had been reheved It might 
be mentioned that at no time was there evidence for a subarachnoid 
extension of the infection or for a true myehtis 

Why the sympathetic fibers were so severely injured in the head 
and arm area, without signs of motor or sensory loss, is not clear 
The presence of permanent motor and sympathetic effects m the right 
foot and saddle region demonstrates that the cauda below Li on the 
right underwent irreversible changes This may have been due to 
prolonged pressure from the sinus and abscess, direct infection, or 
the subsequent arachnoiditis as remarked above When the mtradural 
portion of the sinus was removed the lumbar and upper sacral roots 
were not damaged 

Since lesions to nerves at L3 or below do not produce changes in 
skin resistance because the sympathetic outflow is complete at L-, the 
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changes noted in the nght leg must have resulted from injury to the 
roots at Li or L; W'hile the roots did not appear abnormal at operation, 
the> could easily have been more or less severely damaged at the 
time of the acute infection Here the damage was not so selective, 
and motor deficits as veil as damage to the sympathetic fibers, may 
have resulted 

As vas found in other reported cases, there was remarkable re- 
cover)- after the infection was brought under control and the sinus 
remov ed 


SUMMARV 

The history of a patient vith congenital intradural dermal sinus 
IS revneved Dunng infancy the sinus became infected Later a partial 
evasion blocked its drainage and led to the formation of a subdural 
abscess This was cured by surgical drainage and chemotherapy At 
a later date the dermal smus was completely removed 
Unilateral widespread changes in the sjunpathetic nervous system 
were noted dunng the time of the subdural empyema These changes 
were persistant as is evidenced by electneal skin resistance readmgs 
taken as long as 4 years after the cure of the abscess 
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Tom Cullen of Baltimore By Judith Robinson 435 pp $3 50 Oxford University 
Press, New York 

Tom Cullen of Baltimore, Oxford Press, is the biography of the only remainmg 
member of the medical faculty whose professional life span coincides with that 
of The Johns Hopkins Hospital and Medical School The eldest son of a Wesleyan 
mmister m the bush country of the newly settled Ontario, Tom Cullen’s child- 
hood would seem rugged to the modem child but it was rich in the adventures 
of boys m a country well suited for the development of self-rehant men His early 
education was in the public schools of the smaller communities to which his father 
was assigned and later in Toronto Although encouraged at home in his efforts 
for an education he was forced to support himself from an early age Even while 
attending medical school m Toronto his earnings from his paper route and other 
tasks paid his tuition and other expenses In reading of his early life it is apparent 
that the tremendous drive and capacity for work which characterized his later 
years began at a very early age His habit of early rising to work before breakfast, 
although modified gradually with passing years, remained with him throughout 
life 

The dynamic push which was one of Dr Cullen’s most characteristic qualities 
did not exclude play He received a tremendous amount of pleasure from his 
work and enjoyed a little horseplay at the operating table as much as his younger 
assistants In addition he was an ardent advocate of prolonged summer vacations 
and one of his commonest admonitions to young men was, “Remember you can 
do more work in ten months than m twelve” As soon as his financial position 
made it possible he spent t\v o full months at his camp on Lake Ahmic in the Magne- 
tawan country of Ontario But on returning in September his drive for work was 
unremitting until the following July 

In 1891 young Tom Cullen came to Baltimore as an interne under Dr Kelly 
From that moment on, his “chief” became his hero and remained so until Kelly’s 
death With almost dog-like faithfulness he carried out the “chief’s” wishes even 
when he had to swallow hard to accept some of Kelly’s view's After completing 
his training as a gynecologist Cullen’s professional life was spent in Baltimore 
and eventually he succeeded his master as Chief Gynecologist of The Johns Hopkins 
Hospital and as Professor of Gynecology of The University He served in this 
dual capacity until he reached the age of retirement in 1939 In the two decades 
durmg which Cullen occupied the Chair of Gynecology, Hopkins was tom with 
family feuds in which Cullen was embroiled The biographer tells the storv of the 
fight on full time professorships which divided the faculty sharplj into two camps 

440 
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She iI=o relates the nccolosical-ob'^tctncal feud in which Cullen and Williams 
ph\ ed leading roles '\ftcr the passage of nian\ \ears these stones are told wathout 
rancor but let the reader not be misled into beheaang that it did not exist at the 
time 

Cullen’s greatest contnbution to gj-necologa was his dea elopment of the game- 
cological pathologa laboratora The interest which he inspired m this phase of 
ganccolog) has had a more profound and important influence on his speaalta 
than ana of his other accomphshments Another accomphshment of almost equal 
importance to mediane aaas the aaork he did single-handedla m establishing a 
Chair of Medical \rt at the Hopkins This chair aaas occupied aaith distinction for 
mana a cars ba his deaoted fnend, Max Brodel, aahose aaork established art as 
applied to medicine in this countra 

It IS regrettable that the biograph> , aahich in a sense is a histora of the Hopkms 
ga n ecological department docs not tell more of the accomplishments of Cullen’s 
CO aaorkers in the dea elopment of this department 

On tlic occasion of his seaentieth birthdaa Tom Cullen’s friends gaae a tes- 
timonial dinner to him aahich aaas attended ba a host of fnends and admirers 
This aaas the end of his Uniaersitj life but not of his career He conbnued actiaely 
in practice and made his greatest contnbution to the Cita of Baltimore as President 
of the Board of the Enoch Pratt librara He was elected to this post in 1938 and 
his faithful performance of his duties and great enthusiasm for the cause haae 
resulted in his re-election each a ear since 

The book is aantten in a readable stale ba Judith Robmson Her stjle is hght 
enough to be entertaining and factual enough to be of aalue as an histoncal docu- 
ment coaenng an important and long era in The Johns Hopkins Medical Institu- 
tions JIuch of It is in direct quotation ba Tom Cullen m his inimitable stale 
His personalita almost steps out of the pages To all Hopkins alumni, to Baltimore 
atizcns and to Tom Cullen’s man> friends throughout the countra the a olume aaill 
proae to be highla pleasing reading 

R \V TELrsmE 

T! cDtagi ostsef Pa?icrcalic Disease B> Louis Bacmax 74pp $5 00 / B Ltppiu- 
coU Co PI ilaiclpha 

The diagnosis of disease of the pancreas is alaaaa's difficult Withm the last 
few acir= a number oi studies haae appeared m aahich the enzjmatic properties 
of pancreatic juice haae been analazed as a diagnostic aid Dr Bauman, m this 
monograph, mmmanzes his expcnence in the laboratora diagnosis of pancreatic 
di'cacc Bnefla , Bauman’s technique consisted of passing a double-barrelled tube 
nto the duodenum Through one half of the tube, the pancreatic juice aaas as- 
pirated Through the other hall, the gastric juice a'as neutralized bj calaum 
ca'bon'’te The duodenal juice aaas collected in 10 minute fractions into iced 
rccciaing tubes, and analazed fo* its content of amalase, protease, and lipase 
Mccho'al aa"'- u^ed as a st’mala"'t of pa'^crealic secrel’on because secretin . as 
exjaerc ae, a"d tended to be toxic. 
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Dr Bauman does not believe that one should aspirate the pancreatic juice 
to assist in the diagnosis of acute pancreatitis, although others have reported a 
defiaency m amylase and protease m this disease In chronic pancreatitis and 
carcmoma of the head of the pancreas, Bauman observed that the concentra- 
tion of pancreatic enzymes was decreased However, in cancer of the body of the 
pancreas, he found that the pancreatic enzymes were usually normal 

In mterpretmg Dr Bauman’s data, one must bear m mind that the great varia- 
tions in enzymatic activity are observed m patients who apparently do not have 
pancreatic disease Moreover, the data presented indicate that mecholyl is a 
poor stimulant of the flow of hpase m most patients In his discussion of sprue. 
Dr Bauman confirms the fact that the pancreatic secretions in this disease are 
usually normal He does not remark that half of his patients had a fasting level of 
hpase which was less than the minimum normal value The sigmficance of this 
observation is not clear 

This small volume is well-wntten and is published in the most attractive way 
However, it seems unnecessary to charge $5 00 for a book which is 74 pages in 
length Undoubtedly the large amount of tabular matenal which is presented is 
difficult to set However, a less expensive format and bmding, might have per- 
mitted making this valuable httle book more attractively priced and therefore 
more accessible to the average medical reader 

Oscar D RAT^OIT, M D 

Physiology in Diseases of the Eearl and Lungs M D Altschitle 368 -h XV pp 
$5 00 Cambridge, Harvard University Press, 1949 
The author, who has contributed many prease measurements, analyses and 
speculations to the field embraced by his book, has now written a monograph 
which IS difficult to classify In the preface there is outlined the goal of providmg 
the student (pre- or postdoctoral) with source matenal derived from laboratory 
and clmical research so that, “The student may be stimulated to look mto this 
book for the explanation of an unusual or, to him, unexpected clinical phenomenon, 
or he may merely browse through it when he feels no urge to do anything else ’’ 
There can be no cavil at this aim which responds to an urgent need 

In order to provide this material the author has written a series of brief essays 
within the framework of more inclusive disease patterns For example, the first 
section on chronic cardiac decompensation occupies 217 pages consistmg of 37 essays 
on such topics as cardiac output, venous pressures, respiratory dynamics, extra- 
cellular fluid volume, renal function, skeletal muscle function, cyanosis, etc. The 
followmg 85 pages are devoted to other patterns of cardiac disease The last 52 
pages are devoted to several representative diseases of the respiratory apparatus 
The style of these brief essays is determined by the author’s decision to provide 
almost encyclopedic references to the vast body of observations recorded, for the 
most part, m the past 40 years Thus, an average page is peppered with 20 or more 
references This does not make easy reading Each brief section is followed by a 
bibhography often occupying four to five pages 
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The cnonnous \aluc of this careful work is the provision of what is Mrtuall> an 
annotated bibliographv vith sensible, critical evaluabon For the thoughtful 
student, raanv bare statements mav be too elliptical to be satisfvmg Perhaps this 
mil stimulate reference to the original reports which are hsted in such generous 
profusion Ii this be the case, one goal will have been reached 

It IS probnblv a reflection of the fluidity of the subject that appears in these 
Cisavs as an unwelcome similantv to some of the synoptic reviews of recent v ears 
Despite tllc^e lesser shortcomings, this book is recommended without reservation 
to ill phv Plains and biologists concerned in any fashion with problems of circula- 
tion ind respiration 

J L L,Jr 

Mcdtcal Civ :cs on Bone Diseases, 2nd cdtlton By' I Snapper 292 pp $20 00 
It.lerscienec Pubhshers, Inc York 3, N Y 
This profusclv illustrated and documented atlas and text emphasizes the 
metabolic aspects of the etiology of bone diseases It follows that knowledge 
concerning the changes brought about bv hyperparathyioid chseasc and by hvper- 
plasn of the parathyroids secondirv to kidney disease are given great prommence 
Bonv changes secondarv to multiple myeloma, to vanous anemias, Gaucher’s 
disease arc considered in detail Illustrations of osteosclerotic and osteoclastic 
responses in Hodgkin’s are striking A valuable feature is the case reports, some 
from the htcraturc, manv from the author’s own espenence A good book such 
as this might be even more valuable had it included some reference to tumors of 
the bone, ostcomyehtis and svphilis However, the author docs not pretend to 
complete cov erage 

Taxonomists of insects are frequentlv' listed as “splitters” or “lumpers” m 
their consideration of the specific and generic relations of the vanous speaes 
Dr Snapper is apparently a “lumper” when it comes to the varieties of lesions 
desenbed in bone diseases This, no doubt, is good when dealing with a poorly 
understood group One wi«hes, howev er, that eponyms had been used at an abso- 
lute minimum Actuallv we frequentlv find some worthy investigator’s name 
attached to the cells, the svmptoms or signs and the disease complex 

This IS, however, a good and worthwhile book, which will serve as a frequent 
reference in anv large medical clinic 

r B B 

A Texlhook of Ne tropall o/ugv By Ben Lichtexstein, B S , MS, M D 
P’l^hsl ed b% B’’ B So tnders Cotrpany, Pltladelplia ard Lordoi , 1949 
pp 474 $9 50 

\s the autho' mcntiois in his preiacc, this new book has been prepared pn- 
manlv for the medical student He introduces the reader to alteratiois in structure 
of the nervouc svstem in a saU-factoi general fashion TLsue changes are dis- 
casicd pniranlv in terms of po-vi’ye cau'^tivc factors rather than as discrete 
c'sease entities Of ncces'.tv, th-s form of p'CbCitatioi leans to rathe' artifical 
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grouping m some mstances Controversial subjects are minimized The author is 
found addmg many short inadequate descriptions of far too many rare, or not 
so rare, entities which don’t quite fit in Thumbnail sketches of chnical topics 
keep appearmg in a fashion which might lead to confusion These adornments, 
like the brief chapter on neuroanatomy seem far too madequate and might veil 
have been omitted 

It IS unfortunate that these features tend to detract from the fundamental 
value of this book The general plan and treatment is good, and much needed 
The writing is clear and interesting The illustrations are, in most cases, excellent 

J W M 

The Pracltce of Refractwn By Sir Stewart Duke-Elder 5th Edition Ulus 
290 pp $6 25 The C V Mosby Company, Si Louis, Missouri, 1949 

This new edition has been thoroughly revised and brought up to date while 
preserving the size of the previous editions The original lucid style used m de- 
scribmg the principles of refraction has been mamtamed 

Data on the variability of the axial length of the eyeball, as determined roent- 
genologically, has been added The section on anomalies of refraction has been 
expanded to include a more thorough description of aniseikonia and of transient 
changes m refraction New material also has been added to the sections dealmg 
with the accommodation-convergence mechanism, with heterophoria and with 
contact lenses 

Sir Stewart Duke-Elder’s book well deserves its populanty and certainly will 
maintain its position as one of the foremost textbooks on refraction 

W G M 

Care of the Surgical Patient By Jacob Fine W B Saunders Co , Philadelphia, 
1949 544 pages S8 00 

There is a great deal of wisdom and much sound advice in this lucid and com 
prehensive book The style and the treatment are rapid and conversational An 
astonishing amount of ground is covered There are good sections on fluid balance 
and nutrition, sections covering a great diversity of conditions m all the speaal 
fields and types of surgery, sections on laboratory methods and special sections on 
the general aspects of preoperative and postoperative care The treatment of most 
sections is of necessity didactic and brief, references are few and no bibhography 
IS given The book will be most useful to the student or practitioner interested in a 
rapid review such as might be given m a lecture series 

M M R 

Male and Female By Margaret Mead 477 pp $5 00 William Morrow &. Co 
New York 16 

Margaret Mead beheves that the quality of our civihzation is threatened, 
because we falsely delimit maleness and femaleness, and that human culture will 
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progress or decay only so far as we use the gifts and respect the inherent differences 
pecuhar to each sex 

One threat to our full cultural growth is the tendency to limit certain profes- 
sional, intellectual and famihal practices to one sex and as a corollary to impose a 
social penalty on the other sex for participation in that practice Dr Mead ex- 
amines fully, and fairly, the physical and the learned differences between male and 
female and pleads for careful judgment in whatever changes we make in recreatmg 
the tasks of both as we build for the future The Amencan marriage ideal is almost 
impossibly difficult to mamtain, based as it is on romantic love, finanaal security 
and spintual fidelity, and it can achieve stabfiity only by complete mutual respect 
for the mind, body, and ideals of the co-partner 

Anthropology is the logical discipline from whence a warrung to pause and take 
stock of our social development should come Dr Mead analyzes the swift changes 
in our culture agamst a background of seven South Sea cultures whose biological 
equipment and basic heritage are the same as ours Sexual mtercourse is immensely 
enjoyed by the Samoans, detested by the cannibal Mundugumor of New Gumea, 
tolerated as an economic necessity by other peoples, and set m a graceful ritual 
by the Bahnese And, just as the sex act itself is affected by customs locally im- 
posed, so is the way of life of the people a reflection of their attitude toward the 
role of male and female 

In our country the pattern of contemporary living is affecting the basic bio- 
logical cycle Wars have left a surplus of women, the rearmg of children and the 
life of the family has become a matter of keepmg up with the Joneses in double 
harness, while observing obscurely defined taboos in business and in mtellectual 
pursuits 

One world, unified by technology, and in a gradually levelling mtellectual 
environment, is on the horizon Dr Mead would have us stop, while we can still 
alter the blueprmts, and think on these things 

B G B 

Medical Etymology By 0 H Perry Pepper 263 pp $5 00 W B Saunders Co , 
PJitla , Pa 

This mterestmg attempt at furthermg one phase of medical education and 
easing the burden of the medical student will meet a varied reception It is a 
welcome guide to the meaning — from the etymological point of view — of medical 
words Despite the necessary interest in eponyms, one welcomes the autlior’s 
statements that “eponymic titles are given to diseases only for lack of something 
better eponyms persist and defy the advance of knowledge, but must always 
lose out in the end, when saence learns enough to justify the coming of some ap- 
propriate term Often an eponym is a dear mdication of our ignorance and con- 
stitutes a challenge to the mvestigator to rid our termmology of one more eponym” 

The book is m no sense a dictionary No attempt is made even to tell you that 
Aedes and Anopheles are mosqmtoes — only that Aedes means unpleasant and 
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Anopheles harmful, and furthermore to discover this, the reader must know that 
he should look under the parasitolog>’- section 

There are errors and madequacies For instance, the statement “vanohixon, 
meaning to vacanate with cowpox virus” and under Giardia the inference that this 
IS a worm The entire definition of trophozooite as “a stage of the malarial parasite” 
would be misleading to the student, who was at the time readmg about amoebiasis 
Despite such scattered inconsistencies, this is a good book and a worthwhile 
attempt 

F B B 
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